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by R. P. Geye 


Titan/Centaur TC-A was launched from the Eastern Test Range, Complex Al , at 
05:22 PM, EOT, on Wednesday, August 20, 1975- This was the second operational 
fl ight of the newest NASA unmanned launch vehicle. The spacecraft was the 
Viking A, the first of two orbiting and landing missions to Mars planned for 
the 1975 Martian launch opportunity. 

The objective of the launch phase of the mission, to inject the Viking space- 
craft onto the planned transfer orbit to Mars, was successfully accomplished. 
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by R. P. Geye 


The Viking Mission to Mars is one of NASA's principal planetary efforts of 
this decade. Two Viking spacecraft were launched from the AFETR Launch 
Complex 41, Cape Canaveral, Florida, during the 1975 Mars opportunity and 
will arrive at the planet in m i d - 1 976 . Each spacecraft will be placed into 
orbit around the planet and the landers will subsequently be separated for 
entry into the Mars atmosphere and a soft Landing on the surface of the 
planet. 


Launch Phase of the Viking Mission 

The 1975 Mars launch opportunity extended from August 11 through October 13- 
The launch windows opened as early as about 1400 GMT (10:00 EDT) and closed 
as late as about 2230 GMT (18:30 EDT). The earliest windows occurred towards 
the end of the opportunity and the latest windows occurred near the beginning. 
On any one launch day, the window was about one hour long. The launch azi- 
muth sector used for the mission was 96° from 108° with trajectories yawing 
from 108° southward to an equivalent azimuth of 115° during ."he latter part 
of some daily windows. Parking orbit coast times varied from about 11 minutes 
to about 28 minutes. Coast time was longest at daily window opening and short- 
est at closing. 

The launch phase of the Viking A mission was accomplished on August 20. 

The flight profile for Titan Stage 0 phase of flight consisted basically of a 
short vertical rise with roll to the requi ed flight azimuth, followed by an 
initial pitch/yaw maneuver and subsequent near zero total angle-of-attack. 

The required steering, referred to as wind biased steering, was determined on 
launch day and implemented by the Centaur DCU in an open loop mode. Propel- 
lent depletion of the Stage 0 engines activated the Titan Step 0 staging timer 
(1.5 g decreasing axial acceleration) which initiated Titan Stage I engine 
start, heat shield jettison/Stage I ignition and Titan Step 0 jettison. 

During Titan Stages I and II phases of flight, the flight profile was primarily 
determined by the steering required to achieve a 90 n.mi. parking orbit at the 
end of the first Centaur burn. The required steering was implemented by com- 
bining incremental pitch and yaw rates, derived from the Centaur guidance 
steering vector, with a rate versus time pitch program that was stored in 
Titan. Titan Step I jettison/Stage II ignition was initiated by Stage I propel 
lant depletion. The Centaur Standard Shroud was jettisoned 10 seconds after 
Stage I shutdown, as sensed by the Centaur DCU. Titan Stage II also burned to 
propellant depletion which then initiated Titan Step 2 jettison, Centaur chill- 
down and Centaur Main Engine Start. 
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The Centaur first burn phase was of relatively short duration and terminated 
at injection into the 90 n.rni. circular parking orbit. The 90 n.mi. orbit 
Is standard for parking orbit ascent missions. Steering commands were pro- 
vided by the Centaur DCU based on the guidance steering vector. Main engine 
cutoff was commanded by guidance when the desired orbit was achieved. Contin- 
uous Centaur peopellant settling was maintained during the parking orbit coast 
phase. During most of the coast phase the vehicle was aligned along the in- 
ertial velocity vector. Prior to the second burn the vehicle was aligned to 
the proper attitude for the burn. The second Centaur burn was terminated by 
guidance when injection conditions satisfied the Viking mission requirements. 

Spacecraft separation occurred by Centaur DCU command 220 seconds after 
Centaur Main Engine Cutoff (MECO-2). Centaur then executed a reorientation 
and retromaneuver to satisfy planetary quarantine constraints. 


Vising Mission Objectives 

The goal of the NASA Viking program is to learn more about the planet Mars 
by direct measurements in the atmosphere and on its surface. Additional 
scientific data will be acquired from the Orbiter which will circle Mars in 
a synchronous orbit above the Lander after the latter has descended to the 
surface. On both the Orbite* and the Lander the primary emphasis will be on 
biological, chemical and environmental aspects of Mars which are relevant to 
the existence of life. 

The Viking scientific experiments are divided into four groups: Orbiter, 

entry, Lander and radio. The Lander carries by far the most instruments. 

It is, in fact, a miniature automated laboratory. The entry experiments in- 
volve instruments mounted on a protective shell surrounding the Lander during 
its high-velocity entry into the Martian atmosphere. The entry experiments 
will obviously be brief but will give us a unique opportunity to analyze the 
characteristics of the Martian atmosphere from top to bottom. After the 
Lander is detached, the Orbiter plays mainly a supporting role, although it 
may, for selected periods of time, break its radio ties with the Lander and 
commence independent scientific experiments. The scientific goals and the 
specific instruments associated with the four groups of experiments are 
1 i sted i n Tabl e 2-1 . 
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TABLE 2-1 * VIKING SCIENTIFIC GOALS AND INSTRUMENTS 


Experiment 

Category 

Scientific Goals 

Investigations 
( 1 nstruments) 

Orbi ter 

Perform reconnaissance to verify 

Visual imaging (2 television 


or search for landing sites. 

cameras) . 


Monitor landing sites. 

Atmospheric water mapping 


Obtain data from other areas of 

(infrared spectrometer). 


the planet. 

Surface temperature mapping 


Search for future landing sites. 

(infrared radiometer). 

Entry 

Determine composition and struc- 

Ions and electrons (retard- 


tural profile of the ionosphere 

?ng potential analyzer). 


and atmosphere. 

Neutral gases (mass spec- 
trometer) . 

Pressure and temperature 
(pressure, acceleration, 
and temperature sensors). 

Lander 

Visually examine the landing 
site. 

Visual imaging (2 cameras). 


Search for evidence of life. 

Direct biology (3 metabolism 
and growth detectors). 


Search for and study organic 

Molecular analysis (gas chro- 


compounds and determine atmos- 

matograph mass spectrom- 

| 

pheric composition and its 
variations. 

eter) . 

1 

Study inorganic compounds. 

Mineral analysis (x-ray spec- 
trometer) . 


Determine temporal variations 

Meteorology (pressure, tem- 


of pressure, temperature and 
wind velocity. 

perature and wind sensors). 


Determine se i smolog ical char- 

Seismology (3*axis seismom- 


acteristics. 

eter) . 


Determine magnetic properties 

Magnetic properties (2 mag- 


of surface. 

net arrays and magnifying 
mirror. 


Determine physical properties 
of surface. 

Physical properties. 

Radio 

Conduct scientific investigation 

Radioscience (Orbiter and 


using the radio and radar sys- 
tems. 

Lander radio equipment). 
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Ill SPACE VEHICLE DESCRIPTION 


Viking Spacecraft 


by R. P. Geye 


The Viking spacecraft consists of two main elements, the orbiter and the 
lander, shown in the cruise configuration in Figure 3^1. In this configura- 
tion the orbiter is structurally attached to the lander through the truss 
members of the Viking lander capsule adapter. 

Orbiter : The orbiter bus is an unequal -s ided octagon structure. The nece' 

sary electronics and other subsystems are mounted in 16 bays. Louvers a-- 
attached to the bays on the sides of the bus to aid in thermal control o 
subsystem electronics. 

The propulsion subsystem, which consists of two propellant tanks, pressurant 
tank, engine support structure, and a fixed thrust two-axis-gimbaled rocket 
engine, is attached to the octagonal bus in a modular fashion. Helium pres- 
sure is used to feed the storable propellants, nitrogen tetroxide and hydra- 
zine, to the rocket engine. 

The entire propulsion module is enclosed in a multi-layer insulation blanket 
for thermal control. Four solar energy controllers are used to regulate the 
quantity of solar energy reflected into the propulsion module through penetra- 
tions in the thermal blanket. 

Four solar panels are mounted to the bus by means of outriggers in a fan-like 
array on the coordinate axes. Each panel is composed of two identical sub- 
panels. 

Two batteries are used to augment the solar array when the power demand exceeds 
its capability, and to serve as a secondary power source during off-sun opera- 
tions. The power system provides 2.4 KHz single-phase, 400 Hz three phase, 
regulated dc, and unregulated dc power. 

Attitude control jets for pitch, roll and yaw coincident with the coordinator 
axes are mounted at the outboard edge of each of the solar panels. 

Celestial sensors, comprised of a Canopus sensor, cruise sun sensors, sun gate, 
and a stray 1 i ah t sensor are mounted to the appropriate sides of the bus. Ac- 
quisition sun sensors are mounted on the solar panel tips. 

Orbiter communication requirements are satisfied by low and high gain antennas 
and a relay antenna. The low gain antenna is used to provide command coverage 
in any roll attitude throughout the mission while in a sun-acquired attitude, 
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and also to transmit S-Band signals during the cruise phase. The high gain 
antenna is used for transmitting and receiving S-Band signals and transmit- 
ting X-Band signals during orbital operations and the latter portions of the 
cruise phase. The relay antenna is used for receiving UH p signals from the 
Under . 

Lander : The basic elements of the lander capsule are the bioshield cap and 

base, the base cover and parachute system, th.. aeroshell and the lander. 

The bioshield serves to prevent recor.tamination of the sterilised lander with 
Earth organisms by complete!/ encapsulating the lander during and after ster- 
ilization which is accomplished prior to launch. The cap is jettisoned soon 
after the spacecraft leaves Earth orbit and the base is jettisoned in Mars 
o-bit after descent capsule separation. 

The base cover permits controlled pressure equilization during launch ard 
entry phases by means of a vent system. It is integral with the mortar sup- 
port structure which contains the parachute system. The mortar is used for 
parachute deployment. The parachute is a disk gap band configuration used 
to slow the lander capsule during descent to the Martian surface. 

The aeroshel 1/heatshield is an aluminum-ring-stiffened 140-degree conical 
shell structure, with a covering of a lightweight ablator material. It pro- 
vides a suitable shape for entry and protects the lander from aerodynamic 
beating and other elements of the entry environment. 

Figure 3 _ 2 shows the lander in the landed configuration. The lander body is 
a hexagonal ly shaped structure which provides a mounting base for the science 
and other operational subsystems. It is fabricated primarily from aluminum 
and titanium structural alloys, and is insulated so as to provide environmental 
protection to the science and supporting subsystems contained therein. 

The lander body is supported by three landing leg assemblies. Each leg con- 
sists of a main strut assembly and an A-frame assembly to which is attached a 
footpad. The landing gear stabilizing struts are attached to the bottom cor- 
ners of the lander body by load limiters. Borded crushable aluminum honeycomb 
is used in the main strut for load attenuation at landing. 

Three terminal descent engines ?re attached to the lander sidebeam 120 degrees 
apart. These engines are the main element of the terminal descent propulsion 
subsystem which provides roll control, attitude control and a reduction in 
velocity to the lande r after parachute separation. A unique 18-nozzle config- 
uration is used on each engine to min'mize soil erosion during lander touch- 
down. 

A reaction control /deorb i t propulsion subsystem, utilizing small mono-propellant 
hydrazine thrusters clustered in four modules mounted near the edge of the aero- 
shell, provides deorbit thrust and reaction control for lander orientation and 
rate damping during the lifting entry phase. 
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FIGURE 3-2 - VIKING LANDED CONFIGURATION 




The lander can transmit data both directly to Earth, using an S-Band communica- 
tions system, or by way of the orbiter, using a UHF relay system. 

The power for the lander is provided by two SNAP 19-style Radioisotope Thermo- 
electric Generators (RTG's). Lander power requirements in excess of 57 watts 
are supplied by rechargeable batteries. 

The lander has a terminal descent landing radar which is located directly be- 
neath the lander. It consists of four separate CW radars operating at approxi- 
mately 13 GHz. 

The lander has a radar altimeter which is a solid state pulse radar that employs 
two special design antennas. One antenna is mounted through the aero she 1 1 for 
high altitude measurements and the other antenna is mounted on the lander for 
measurements after aeroshell separation. 

The lander has a telemetry subsystem which serves tc collect and control the 
flow of scientific and engineering data. It consists of the Data Acquisition 
and Processor Unit (DAPU) , a tape recorder, and a data storage memory. 

The Guidance Control and Sequencing Computer (GCSC) is a general purpose digital 
computer which provides for the flight control system computations and the con- 
trol and sequencing of the lander components and science ‘nstruments. The com- 
puter software may be changed or updated through the Ear., -to-lander communica- 
tion system. 
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Launch Vehicle Configuration 


by R. P. Gcyc 


The launch vehicle for Viking A was the four-stage Titan IIIE/Centaur D-1T 
configuration. This was the second operational flight of this combination 
of stages. 

The overall vehicle configuration is shown in Figure 3~3. The Titan vehicle 
consists of a two-stage liquid propulsion core vehicle manufactured by the 
Martin Marietta Corporation and two solid rocket motors (Stage 0) manufactured 
by United Technology Center. The Titan vehicle integrator is Martin Marietta 
Corporation. The upper stage is the Centaur D-1T manufactured by General 
Dynamics Convair Division. 

The payload fairing for this configuration is the Centaur Standard Shroud 
(CSS' manufactured by Lockheed Missiles and Space Company, Inc. Figure 3 _i * 
shows the Centaur/CSS/Viking spacecraft general arrangement. 

The following sections of the report give a summary description of the vehicle 
stage and CSS configurations. Detailed subsystem descriptions can be found 
in the Flight Data Report for Titan/Centaur TC-1 Proof , FI ight (NASA TM X— 71 692) 
Only configuration differences from TC-1 and/or TC-2 will be addressed in this 
report. 
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FIGURE 3-3 - OVERALL TC-3, -4 VEHICLE CONFIGURATION 




FIGURE 3-4 - CENTAUR VIKING GENERAL ARRANGEMENT 




Titan 1 1 IE 


The Titan/Centaur booster, designated Titan I I IE, was developed from the 
family of Titan III vehicles in use by the Air Force since 1964. The 
Titan I I IE is a modified version of the Titan MID. Modifications were 
made to the Titan to accept steering commands and discretes from the Cen- 
taur inertial guidance system instead of a radio guidance system. In ad- 
dition, a redundant programmer system was added. The Titan 1 1 IE consists 
of two solid rocket motors designated Stage 0 and the Titan III core vehi- 
cle Stages I and II. 

The two Solid Rocket Motors (SRM's) provide a thrust of 2.4 million pounds 
at liftoff. These motors, built by United Technology Center, use propel- 
lants which are basically aluminum and ammonium perchlorate in a synthetic 
rubber binder. Flight control during the Stage 0 phase of flight is pro- 
vided by a Thrust Vector Control (TVC) system in response to commands from 
the Titan flight control computer. Nitrogen tetroxide injected into the 
SRM nozzle through TVC valves deflects the thrust vector to provide control 
Pressurized tanks attached to each solid rocket motor supply the thrust 
vector control fluid. Electrical systems on each SRM provide power for the 
TVC system. 

T itan core Stages I and II are built by the Martin Marietta Corporation. 

The Stages I and II propellant tanks are constructed of welded aluminum 
panels and domes while interconnecting skirts use conventional aluminum 
sheet and stringer construction. The Stage II forward skirt provides the 
attach point for the Centaur stage and also houses a truss structure sup- 
porting most of the Titan I I IE electronics. A thermal barrier was added 
to isolate the Titan I I IE electronics compartment from the Centaur engine 
compartment . 

Stages I and II are both powered by liquid rocket engines made by the 
Aerojet Liquid Rocket Company. Propellants for both stages are nitrogen 
tetroxide and a 50/50 combination of hydrazine and unsymmetrical dimethyl- 
hydrazine. The Stage I engine cons' sts of dual thrust chambers and turbo- 
pumps producing 520,000 pounds thrust at altitude. 'Independent gimballing 
of the two thrust chambers, using a conventional hydraulic system, provides 
control in pitch, yaw and roll during Stage I night. 

The Stage II engine is a single thrust chamber and turbopump producing 
100,000 pounds thrust at altitude. The thrust chamber gimbals for flight 
control in pitch and yaw and the turbopump exhaust duct rotates to pro- 
vide roll control during Stage II flight. 

* 

To preclude longitudinal oscillations which were encountered during' Stage 
I operation on TC-1 and TC-2, accumulators am installed in the oxidizer 
feed lines to each of the Stage I thrust chambers on this Titan vehicle. 

In conjunction with this installation, four pressure measurements are 
added for ground check of the accumulator bellows pressures. 
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The Stage I oxidizer autogenous pressurization system consists of two 
superheaters as flown on TC-1 (only one superheater was flown on TC-2). 

This pressurization system provides tank ullage pressure during Stage I 
burn time. 

The Titan flight control computer provides pitch, yaw and roll commands 
to the solid rocket motor's thrust vector control system and the Stages 
I and II hydraulic actuators. The flight control computer receives at- 
titude signals from the three-axis reference system which contains three 
displacement gyros. 

Vehicle attitude rates in pitch and yaw are provided by the rate gyro sys- 
tem located in Stage I. In addition, the flight control computer generates 
preprogrammed pitch and yaw signals, provides signal conditioning, filtering 
and gain changes, and controls the dump of excess thrust vector control 
fluid. A roll axis control change was added to provide a variable flight 
azimuth capability for planetary launches. The Centaur computer provides 
steering programs for Stage 0 wind load relief and guidance steering for 
Ti tan Stages I and 1 1 . 

A flight programmer provides timing for flight control programs, gain 
changes and other discrete events. A staging timer provides acceleration- 
dependent discretes for Stage I ignition and timed discretes for other 
events keyed to staging events. The flight programmer and staging timer, 
operating in conjunction with a relay package and enable-disable circuits, 
comprise the electrical sequencing system. On Titan 1 1 IE a second program- 
mer, relay packages and other circuits were added to provide redundancy. 
Also, capability for transmitting backup commands was added to tb- Titan 
systems for staging cf the Centaur Standard Shroud and the Centaur. 

The standard Titan uses three batteries: one for flight control and se- 

quencing, one for telemetry and instrumentation, and one for ordnance. On 
Titan 1 1 IE additional separate redundant Range Safety Command system bat- 
teries were added to satisfy Range requirements. 

The Titan telemetry system is an S-band frequency, pulse code modulation/ 
frequency modulation (PCM/FM) system consisting of one control converter 
and remote multiplexer units. The PCM format is reprogrammable. 

For this Titan vehicle, the following measurements were added beyond the 
standard Titan I I IE instrumentation: six accelerometers on the Stage I 

engines, a Stage I oxidizer pump inlet pressure, two narrow band chamber 
pressure measurements on the two Stage I engines and an orifice and venturi 
pressure measurement in the Stage I autogenous system. 

Many of the modifications to the Titan for Titan/Centaur were made to in- 
corporate redundancy and reliability improvements. In addition to those 
modifications p r eviously mentioned, a fourth retrorocket was added to 
Stage II in order to ensure proper Titan/Centaur separation if one motor 
does not fire. All redundancy modifications to Titan II IE utilized Titan 
flight proven components. 
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Centaur D-1T 




The Centaur tank is a pressure-stabilized structure made from stainless 
steel (0.014 inches thick in cylindrical section). A double-walled, vac- 
uum-insulated intermediate bulkhead separates the liquid oxygen tank from 
the liquid hydrogen tank. 

The entire cylindrical section of the Centaur LH 2 tank is covered by a radi- 
ation shield. This shield consists of three separate layers of an aluminized 
Mylar-dacron net sandwich. The forward tank bulkhead and tank access door 
are insulated with a multilayer aluminized Mylar. The aft bulkhead is cov- 
ered with a membrane which is i" contact with the tank bulkhead and a rigid 
radiation shield supported o-’ brackets. The membrane is a layer of dacron- 
reinforced aluminized Mylar, .he radiation shield is made of 'laminated nylon 
fabric with aluminized Mylar c.i its inner surface and white polyvinyl fluoride 
on its outer surface. This Centaur vehicle has no thermal control shielding 
on components in the thrust section. 

The forward equipment module, an aluminum conical structure, attaches to the 
tank by a short cylindrical stub adapter. 

Two modes of tank pressurization are used. Before propellant tanking, a 
helium system maintains pres.ure. With propellants in the tank, pressure is 
maintained by propellant boiloff. During flight, the airborne helium system 
provides supplementary pressure when required. This system also provides 
pressure for the H 2 O 2 and engine controls system. This Centaur vehicle has 
one large helium storage tank. 

Primary thrust is provided by two Pratt & Whitney RL 1 0A3 - 3 engines, which 
develop 15,000 pounds total thrust each. The engines are fed by hydrogen 
peroxide fuel boost pumps. This Centaur vehicle has a boost pump cold gas 
spinup system used for ground checkqpc of the boost pumps. Engine gimballing 
is provided by a separate hydraui id^Tsystem on each engine. 

During coast flight, attitude control iS provided by four H 2 O 2 engine cluster 
manifold assemblies mounted on the tank af. bulkhead on the peripheral center 
of each quadrant. Each assembly consist', of two 6-pound lateral thrust en- 
gines manifolded together. 

A propellant utilization system controls the engine mixture ratio to ensure 
that both propellant tanks will be emptied simultaneously. Quantity measure- 
ment probes are mounted within the fuel and oxidizer tanks. 

The Centaur D-1T astrionics system's Teledyne Digital Computer Unit (DCU) is 
an advanced, high speed computer with a 16,384 word random access memory. 

From the DCU discretes are provided to the Sequence Control Unit (SCU). En- 
gine commands go to the Servo-Inverter Unit (SIU) through six digital-to- 
analog (D/A) channels. 
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The Honeywell Inertial Reference Unit (1RU) contains a four-gimbal, a 1 1 - 
attitude stable platform. Three gyros stabilize this platform, on which 
are mounted three pulse-balanced accelerometers. A prism and window al- 
low for optical azimuth alignment. Resolvers on the platform gimbals 
transform vector components from inertial to vehicle coordinates. A crys- 
tal oscillator, which is the primary timing reference, is also contained 
in the IRU. 

The System Electronic Unit (SEU) provides conditioned power and sequencing 
for the IRU. Communication from the IRU to the DCU is through three analog- 
to-digital channels (for attitude and rate signals) and three incremental 
velocitv channels. The SEU and IRU combination forms the Inertial Measuring 
Group (IMG). 

The Centaur D-1T system also provides guidance for Titan, with the stabili- 
zation function performed by the Titan. 

The central controller for the Centaur pulse code modulation PCM telemetry 
system is housed in the DCU. System capacity is 267,000 bits per second. 

The central controller services two Teledyne remote-multiplexer units on 
the Centaur D-1T. 

This Centaur vehicle has one FM/FM telepac to transmit wideband spacecraft 
measurements. 

The C-band tracking system provides ground tracking of the vehicle during 
flight. The airborne transponder returns an amplified radio-frequency 
signal when it detects a tracking radar's interrogation. 

This Centaur vehicle uses a basic d-c power system, with power supplied by 
one 150 ampere-hour battery and distributed via harnessing. The servo- 
inverter provides a-c power, 26 and 115 volts, single phase, 400 Hz. 



Centaur Standard Shroud 


The Centaur Standard Shroud is a jettlsonable fairing designed to protect 
the Centaur vehicle and its payioads for a variety of space missions. The 
Centaur Standard Shroud, as shown in Figure 3 _ 5, consists of three major 
segments: a payload section, a tank section and a boat tail section. The 

14-foot diameter of the shroud was selected to accommodate Viking space- 
craft requirements. The separation joints sever the shroud into clamshell 
halves. 

The shroud basic structure is a ring stiffened aluminum and magnesium shell. 
The cylindrical sections are constructed of two light gage aluminum sheets. 
The outer sheet is longitudinally corrugated for stiffness. The sheets are 
joined by spot welding through an epoxy adhesive bond. Sheet splices, ring 
attachments and field joints employ conventional rivet and bolted construc- 
tion. The bi-conic nose is a seni -monocoque magnesium-thorium single skin 
shell. The nose dome is stainless steel. The boattail section accomplishes 
the transition from the 14-foot shroud diameter to the 10-foot Centaur inter- 
stage adapter. The boattail is constructed of a ring stiffened aluminum 
sheet conical shell having external riveted hat section stiffeners. 

The Centaur Standard Shroud modular -.oncept permits installation of the tank 
section around the Centaur indepen? _nt of the payload section. The payload 
section is installed around the spacecraft in a special clean room, after 
which the encapsulated spacecraft is transported to the launch pad for in- 
stallation on the Centaur. 

The lower section of the shroud provides insulation for the Centaur liquid 
hydrogen tank during propellant tanking and prelaunch ground hold operations. 
This section has seals at each end which close off the volume between the 
Centaur tanks and the shroud. A helium purge is required to prevent forma- 
tion of ice in this volume. 

The shroud is separated from the Titan/Centaur during Titan Stage II flight. 
Jettison is accomplished when an electrical command from the Centaur initi- 
ates the Super-Zip separation system detonation. Redundant dual explosive 
cords are confined in a flattened steel tube which lies between two notched 
plates around the circumference of the shroud near the base and up the sides 
of the shroud to the nose dome. The pressure produced by the explosive cord 
detonation expands the flattened tubes, breaking the two notched plates and 
separating the shroud into two halves. 

To ensure reliability, two completely redundant electrical and explosive 
systems are used. If the first system should fail to function, the second 
is automatically activated as a backup within one-half second. 
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FIGURE 3-5 - CENTAUR STANDARD SHROUD CONFIGURATION 


The Titan pyrotechnic battery supplies the electrical power to initiate 
the Centaur Standard Shroud electric pyrotechnic detonators. Primary 
and backup jettison discrete signals are sent to the Titan squib firing 
circuitry by the Centaur Sequence Control Unit (SCU). A tertiary jet- 
tison signal, for additional redundancy, is derived from the Titan staging 
timer. 

Four base-mounted, coil-spring thrusters force each of the two severed 
shroud sections to pivot about hinge points at the base of the shroud. 

After rotating approximately 60 degrees, each shroud half separates from 
its hinges and continues to fall back and away from the launch vehicle. 

Two additional sets of springs are installed laterally across the Centaur 
Standard Shroud split lines; one se': of two springs in the upper nose cone 
to assist in overcoming nose dome rubbing friction and one set of two 
springs at the top of the tank section to provide additional impulse during 
Centaur/shroud jettison disconnect breakaway. 


22 
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IV TRAJECTORY AND PERFORMANCE SUMMARY 


by R. P. Kuiv inert 


The Titan IIIE/Centaur D-1T launch vehicle (TC-4) was successfully launched 
on August 20, 1975, at 21:22:00.155 GMT (5:22:00.155 PM EOT) placing the 
Viking I spacecraft onto the correct MARS transfer orbit. Table 4-1 presents 
the major flight events. 

The Titan Solid Rocket Motors (SRM's) were ignited at 21:22:00.155 GMT (5:22: 
00.155 PM EOT) with liftoff occurring when the thrust of the SRM's exceeded 
the total vehicle weight. The launch vehicle was rolled from the pad azimuth 
of 100.2 degrees from true north to the required flight azimuth of 96.574 
decrees from true north. The AD0JUST steering programs, P1A3800*TC04 and 
YlA3800*TC04, provided the pitch and yaw steering attitude histories for the 
SRM portion of flight for aerodynamic load relief. These steering programs 
were designed from wind measurements at launch minus 135 minutes. The tra- 
jectory profile through SRM flight was near nominal with Stage I engine igni- 
tion occurring at 110.4 seconds into flight and SRM jettison occurring at 
121.7 seconds. 

The Stage I portion of flight was longer than predicted with Stage I cutoff 
sensed at 259.4 seconds into flight with Stage I biing jettisoned 0.7 seconds 
la ccr. The velocity at Stage I cutoff was about 22 ft/sec higher than pre- 
d i cted . 

The Titan Stage It portion of flight also was longer than predicted with the 
Stage II cutoff sensed at 467.7 seconds. The vehicle at Stage II cutoff was 
about 20 ft/sec lower in velocity than predicted. During Stage II portion of 
flight the Centaur Standard Shroud was jettisoned at 270.3 seconds into flight 
which was 10.2 seconds after Stage I jettison. 

Even though Stages I and II had longer engine firings than predicted, the 
overall performance of the Titan 1IIE vehicle was very good. 

The Centaur was separated from the Titan at 473.8 seconds into the flight, 
with the Centaur first burn m. in engine start occurring at 484.3 seconds. 
Centaur Main Engine Cutoff (MEC0-1) occurred at 611.3 seconds placing the 
vehicle into the prescribed parking orbit. Table 4-2 compares selected 
parking orbit parameters. 

After coasting for 15.3 minutes the Centaur second burn occurred to place the 
Viking I spacecraft onto the correct Mars transfer orbit. MES-2 occurred at 
1530.1 seconds into flight and MECO-2 occurred at 1846.1 seconds. Table 4-3 
compares the Mars transfer orbit parameters. 
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TABLE 4-1 - 



VIKING I, LAUNCH AUGUST 20, 1975, 

ARRIVE JUNE 19, 

1976 


SEQUENCE OF EVENTS FOR TC-4 


NO, 

FLIGHT EVENTS 

TIME (SEC) 

PREDICTED (1) ACTUAL 

1 

SRM IGNITION 

T « 0 

21:22:00:1! 

2 

SEPARATE FWD BEARING REACTORS 

100.0 

100.0 

3 

STAGE I IGNITION 

110.67 

110.4 

4 

SRM JETTISON 

122.0 

121.7 

5 

STAGE I CUTOFF 

U56.3 

259.4 

6 

STAGE I JETTISON 

257.1 

260.1 

7 

STAGE II IGNITION 

257.1 

260.1 

8 

CENTAUR SHROUD JETTISON 

268.0 

270.3 

9 

STAGE II CUTOFF 

459.6 

467.7 

10 

STAGE II JETTISON 

465.6 

473.8 

11 

CENTAUR MES 1 

476.1 

484.3 

12 

CENTAUR MECO 1 

602.8 

611.3 

13 

CENTAUR MES 2 

1523.0 

1530.1 

14 

CENTAUR MECO 2 

1842.1 

1846.1 

15 

SPACECRAFT SEPARATION 

2062.1 

2066.1 

16 

SOUR PANEL DEPLOY. COMPLETE 

2182.1 

2201.9 

17 

BEGIN CENTAUR BLOWDOWN 

2917.1 

2921.7 

18 

END CENTAUR BLOWDOWN 

3167.1 

3171.7 


(1) GDC PREFLIGHT ACTUAL LAUNCH TIME TRAJECTORY (PALTT) 
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TABLE 4-2 - VIKING I (TC-fr) PARKING ORBIT 
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Table 4-4 compares the injection orbit parameters mapped at Mars. The 
tracking parameters presented are based on several days of tracking of the 
Viking I spacecraft by the DSN. A 3*9 meter/second midcourse correction 
would have placed the spacecraft on the original launch vehicle target aim 
point which was biased for planet ^ arantine purposes. The guidance solu- 
tion is based on DCU telemetry data and is presented for comparison. 

The Centaur completed the launch vehicle mission by 5 x 1 Forming a deflection 
maneuver after spacecraft separation to further enhance the Centaur's missing 
the planet. The orbital parameters resulting from this maneuver are contained 
in Table 4-5* 



TABLE 4-4 - VIKING I (TC-4) MARS B-PLANE MAP OF INJECTION PARAMETERS 
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V VEHICLE DYNAMICS 




V VEHICLE DYNAMICS 
by T. F. Gerus and J. C. Estes 


The Titan/Centaur/Viking received dynamic excitation from wind loads, acous- 
tic excitation, and transient forces from engines starting and stopping, and 
separation events. The following is an evaluation of those excitation sources. 

Wind Loads Evaluation - The ADDJUST system was used to design flight steering 
programs P1A3800*TC04 and Y1A3800*TC04 for the wind profile measured by a 
Windsonde balloon released at 1857 Z, August 20, 1975- The pitch and yaw 
components of this wind are shown in Figure 5"1 . During prelaunch verifica- 
tion of the flight steering programs, peak response to the 1857 2 wind was 
calculated to be 78 percent of the weakest structural allowable. This re- 
sponse was calculated to occur at 22340 feet. It should be noted that this 
percentage includes a combination of nominal wind responses with allowances 
for such unmeasured and/or non-nominal quantities as gusts, buffeting, tra- 
jectory dispersions and two-hour wind changes. 

A post-launch wind sounding was made with a Jimsphere balloon released at 
2132 Z, August 20, 1975- The pitch and yaw components of this wind are shown 
in Figure 5~2. The 2132 Z sounding is the best available measurement of the 
flight winds, although it reached critical altitude about 40 minutes after 
launch. Peak calculated response from this sounding was 86 percent of the 
weakest structural allowable at 24873 feet. This percentage includes all of 
the same allowances for extreme conditions described above for prelaunch ver- 
ification. As may be seen in the discussions of measured TVC usage (Section 
VI l) and Titan flight controls (Section VII), all of the measured flight wind 
responses were well below allowables. 

Acoustic Excitation Evaluation - Acoustic levels were measured within the 
Centaur Standard Shroud near the Centaur equipment module. TC-1 data measured 
near the equipment module and near the Viking dynamic simulator indicated 
reasonable comparison so the TC-4 data represent spacecraft acoustic levels. 

The data was analyzed using standard acoustic analysis techniques by General 
Dynamics Convair Division and Langley Research Center. Data from both TC-3 
and TC-4 are shown for comparison purposes. The data shown on Figures 5~3 
and 5-4 indicate reasonable agreemr, t between analyses performed, reasonable 
repeatability between TC-3 and TC-4, and reasonable margin between measured 
acoustic levels and the Viking flight acceptance test levels. 

Transient Loads Evaluation - Transient loads were evaluated early in the Titan/ 
Centaur program for all transients using Viking dynamic model I and repeated 
later in the program for the more critical conditions using Viking dynamic 
model VIII. The evaluation of the predicted loads was made by comparing forces 
predicted on six lander capsule adapter struts with those measured on TC-3 and 
TC-4 for comparison purposes. The comparisons are listed on Table 5"1. 
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TABLE 5-1 - COMPARISON OF VIKING A AND VIKING B 




MEASURED VLCA FORCES TO PRE-FLIGHT ANALYTICAL PREDICTIONS 

’ 1 ' f ■ ■■ | — — ■ 


Keiriber/Mcas. No. 


Minimum 

(Compression), lb. 


Maximum 

(Tension), 

lb. 


Predicted 

Viking A 

Viking B Predicted 

Viking A 

Viking 



Stone 0 Ipnition (Model VIII ) 


750/CY l86s 

-2900 

-2000 

-2300 

900 

800 

100 

751 /CY 187 S 

- 2700 

-1600 

-1300 

1800 

800 

1000 

752 /CY l 83 s 

-2300 

•2000 

-2200 

4 oo 

100 

0 

753 /CY 189 S 

-2900 

-2500 

-2800 

900 

200- 

1100 

75 tyCY 190S 

-2300 

-2200 

-1500 

1900 

600 

100 

755 /CY 191 S 

-2800 

-2200 

-2300 

800 

200 

200 




Max«<<^ (Model 

vm) 



750 /CY 186s 

-3200 

•2000 

-1900 

1000 

-50a 

- 4 oo 

751 /CY 1 S 7 S 

-2900 

-1500 

-1200 

1800 

300 

200 

752 /CY 188s 

- 31*00 

-2100 

-2100 

1200 

-400 

-300 

753 /CY 189s 

-3600 

-1900 

-2000 

l 4 oo 

-300 

-300 

754 /CY 190s 

-3000 

-1500 

-l 4 oo 

2000 

200 

400 

755 /CY 191 S 

-3400 

-1900 

- 2200 

1200 

-300 

- 4 oo 



Stage I Ignition (Model l) 



750 /CY 186s 

-l600 

-1400 

-1800 

0 

-800 

-800 

751 /CY 187 S 

-1200 

-1200 

-1200 

0 

0 

0 

752 /CY 188s 

-2000 

-2000 

- 1700 

0 

-600 

~6ocr- 

753 /CY 189s 

-2100 

-1800 

-1800 

0 

-600 

-6oo* 

754 /C v l?OS 

-1800 

-1200 

-1200 

0 

0 

—100 

755 /CY 191 S 

-2000 

-1900 

-1900 

0 

-500 

-700 




8RM Jettison (Model I) 



750/CY 186s 

-1200 

-1500 

-1600 

0 • 

-400 

-300 

751 /CY l 37 S 

-700 

-1000 

-1000 

0 

200 

300 

752 /CY 130 S 

-1500 

-1700 

-1700 

0 

■500 

-POO 

753 /CY 1 ”?S 

-1200 

-i 4 oo 

-1600 

0 

-100 

0 

754 /CY I 90 S 

-800 

•900 

-1100 

0 

100 

200 

755 /CY 191 S 

-1400 

-1500 

-1500 

0 

-100 

-300 



• 

Stage I Burn (Model VUl) 



750 /CY l&S 

- 1(900 

-2200 

-2200 

1000 

-1600 

-1600 

751 /CY 137 S 

-2500 

-1100 

-1000 

500 

-800 

. -300 

752 /CY 183 s 

-5400 

-2200 

-2200 

l 4 oo 

-1800 

-1600 

753 /CY 18 «S 

-4500 

-2300 

-2300 

600 

-1200 

-1500 

75 tyCY I'OjS 

-2900 

-1200 

-1200 

900 

-600 

-600 

755 /CY 191* 

4500 

-2300 

-2400 

1300 

-13 nO 

-1600 
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TABLE 5-1 - COMPARISON OF VIKING A AND VIKIKO B 
MEASURED VLCA FORCES TO* PRE-FLIGHT ANALmCAT, RRKDICTIg.’G 

(continued) 


Member/Keaa. No . 


Minimum 

(Compression), lb. 


Maximum 
(Tension), lb. 


Predicted Viking A Viking B Predic ted Vlkir g A Viking "A 


Stage I Burn out /sta^c II I^nit* on (Model VII I ) 


750/CY i86s 

-3100 

-26CO 

-2500 

2000 

300 

300 

751/CY 187s 

-2000 

-1300 

-1300 

1800 

100 

300 

752/cY lCfs 

-3100 

-2700 

-2500 

2100 

300 

600 

753/CY 189S 

-3100 

-2500 

-250C 

1900. 

400 

700 

754/CY 190s 

-2200 

-1400 

-1300 

2000 

300 

300 

755/CY 191S 

-3000 

-2700 

-2600 

2000 

600 

400 




Stage II Burnout (Model TV) 



750/CY 186s 

-1500 

-l4oo 

-1400 

400 

0 

•100 

751/CY 187S 

-600 

-700 

-700 

4oo 

-100 

0 

752/CY 183S 

-2000 

-l4oo 

-iUoo 

400 

-100 

0 

753/CY 189S 

-2400 

-1300 

-1500 

400 

0 

0 

75*»/CY 190S 

-1400 

-700 

-700 

900 

100 

100 

755/CY 191S 

-2400 

-l4oo 

-1600 

900 

100 

200 




Centaur MES II (Model i) 



750/CY 186s 

-700 

-700 

-900 

0 

0 

2CJ0 

751/CY 187S 

-4oo 

-500 

-500 

100 

0 

200 

752/CY 188s 

-800 

-900 

-900 

0 

) 

200 

753/CY 189s 

-700 

-800 

-1000 

0 

100 

200 

754/CY 190S 

-500 

-500 

-500 

0 

0 

200 

755/CY 191S 

-800 

-800 

-1000 

0 

100 

2C0 




Centaur MTTO IT (M«le] TV) 



750/CY 186s 

-l4oo 

•1600 

-1500 

1300 

400 

500 

751/CY 187S 

-800 

-800 

-800 

900 

400 

500 

752/CY 188S 

-1900 

-1600 

-I 6 OO 

1400 

600 

700 

753/CY 139S 

-2100 

-1500 

-l600 

1600 

800 

1000 

754/CY 190S 

-700 

-800 

-900 

900 

300 

600 

755/CY 191S 

-1500 

-1700 

-1900 

900 

700 

900 


Mote: Compression * Negative (-), Tension * Positive (+) 

All values in the above table have been roundud off to + 100 lbs. 
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Stage 0 ignition is the only condition analyzed using Model VIII where the 
measured loads approached predicted loads and has been determined to be 
caused by a lack of adequate longitudinal and torsional forcing functions 
used in the analysis. The other critical loading conditions analyzed 
adequately compensated for this event, however. Although significant dif- 
ferences between predicted and measured loads are apparent comparing Model 
I analyses, none of those conditions were critical. Differences between 
predicted and measured loads for these conditions are primarily attributed 
to dynamic model differences between .he flight spacecraft and the Model I 
dynamic model . 

The time histories of the Viking Lander Capsule Adapter (VLCA) force data 
were used in conjunction with the Viking analytical dynamic model in order 
to evaluate the criticality of all transients to all parts of the spacecraft 
and launch vehicle. No part of the spacecraft or launch vehicle approached 
criticality for any transient condition for either TC-3 or TC-4. 




VI SOFTWARE PERFORMANCE 
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VI SOFTWARE PERFORMANCE 


Al rborne 


by J. L. Feagan 


All available OCU flight telemetry data for the flight of TC-1» was thoroughly 
reviewed to verify that the flight software performed as designed. The data 
reviewed included analog plots of the OCU inputs (A/D's) and outputs (D/A's) 
and digital listings of the SCU switch commands and the software internal 
sequencing. The digital data was also used to ver’fy the proper operation 
of each module of the flight program as well as the transfer of data between 
the various modules. The details of the software performance are elaborated 
upon in the descriptions of the various flight systems; e.g., PU, fliqht 
control, guidance, CCVAPS and trajectory. 


kO 




Computer Controlled Launch Set (CCLS) 


by A. L. Go r dan 


During the TC-4 launch countdown, the performance of the CCLS was normal. 

No hardware or software problems were encountered. All CCLS countdown 
procedure tasks were performed within the allowable time marks. This 
included the receiving and loading of the Centaur DCU with ADDJUST P/Y data 
coefficients via the ADDJUST transmission links from GDC, San Diego. 


VII TITAN I I IE SYSTEMS ANALYSIS 



VII TITAN HIE SYSTEMS ANALYSIS 


Mechanical Systems 
Airframe Structures 


by R. W. York 


Summary 

The Titan E4 vehicle airframe configuration remained unchanged from the El 
Proof Flight configuration. The Titan vehicle maintained structural integ- 
rity throughout all phases of booster ascent flight. Data from flight in- 
strumentation agreed well with predicted flight values. 


Discussion 

Response of the vehicle airframe to steady-state loads and transient events 
was nominal with peaks at expected levels. 

The ullage pressures within the oxidizer and fuel tanks of both Stage I and 
Stage II were within prelaunch limits (Table 7~3) and remained sufficient to 
maintain structural integrity throughout flight. The pressures did not ex- 
ceed the design limits of the vehicle. 

Compartment I IA internal pressure vented as expected and achieved essentially 
zero psi at approximately 125 seconds after lift-off (Figure 3S) . 

SRM separation and Stage I/Stage II separation occurred within predicted three 
sigma event times (Table **-1). Flight data indicates Titan ordnance for these 
events performed as expected. 
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Titan Stage 0 Propulsion System 
by R. J. Salmi 


Summary 

The Titan Stage 0 propulsion system for the TC-4 flight consisted of solid 
rocket motors numbers 43 and 44. 

During the initial launch countdown on August 1, 1975, a Stage 0 thrust vec- 
tor control (TVC) valve failed one of its prelaunch tests, which resulted in 
the termination of the launch attempt. The valve was removed and replaced. 

A material flaw was found in the pintle of the failed valve. This flaw al- 
lowed nitrogen tetroxide to leak into the critical control areas of the 
valve and caused the test failure observed. 

With the new TVC valve installed all of the SRM systems performed as expected 
during flight and the performance parameters were within allowable limits. 


Discussion 

Propulsion Performance - Engine performance data during ignition, steady-state 
and engine shutdown are summarized in Table 7~1. 

SRM ignition transients, as shown in Figure 7"1, were normal and both the 
thrust and tailoff thrust differentials were small. The measured web action 
burn times were 103.1 and 103.5 seconds, respectively, for SRM's 43 and 44 
for 9 predicted liftoff temperature of about 80.6 6 F. Correcting these values 
to the nominal 60°F temperature, the respective web action times were 105.9 
and 106.3 seconds. These corrected thrust levels were slightly on the fast 
side of the specification class value of 106.9 seconds; but they were well 
within the three-sigma tolerance limits of +2.3 seconds. 

The head end chamber pressure data as shown in Figures 7"2 and 7 - 3 show that, 
in general, the flight chamber pressures were midway between the specification 
limits except near ignitions. At ignition the value of P c max. was just barely 
below the minimum specification value. The lower values in the first few sec- 
onds are normal flight experience and are not indicative of any marginal per- 
formance. 

Thrust Vector Control - SRM steering requirements were generally low through- 
out the TTTghT The EMV's performed as expected and there were no anomalies. 
The maximum EMV voltage was 2.2 volts during the initial roll maneuver. 

The TVC oxidizer loads and tank pressures at liftoff were very close to the 
nominal values as given in Table 7-1 • SRM separation was normal and the 
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manifold pressures at SRM separation were well above the minimum value. 
TVC fluid usage as determined by CSD/UT is summarized as follows: 



SRM 43 

SRM 44 

Nitrogen tetroxide load, lb. 

8,418.3 

8,419.5 

Total expended, 1b. 

6,542 

6,390.5 

Total dumped, lb. 

4,452 

4,395.5 

Total TVC steering, lb. 

2,090 

1,995 


49 



Titan Stage I and Stage II Propulsion Systems 


> 


by R. J. Schroeder 


Sumnary 

The Titan Stage I and Stage II propellant loading, prelaunch pressurization, 
engine performance and autogenous pressurization were all wit.iin acceptable 
limits for the TC-4 flight. Engine shutdown for both Stage I and Stage If 
resulted from oxidizer depletion and the shutdown transients were normal. 
Thrust levels were slightly lower than expected but within allowable disper- 
sions. The lower thrust levels resulted in a slightly longer burn time of 
3.2 seconds for Stage I and 4.6 seconds for Stage II. 


Discussion 

Stage I and Stage II Preiaunch Operations - The required propellant loads 
for Stage I and Stage II were based on an expected in-flight propellant bulk 
temperature of 80°F for Stage I oxidizer and fuel, 75°F for Stage II oxidizer 
and 77.5°f for Stage II fuel. 

Stage I propellant load was biased to provide a 2.33 sigma probability of 
having an oxidizer depletion shutdown. This was done to minimize the risk 
of encountering high Stage II actuator loads during the Stage II engine start 
transient. Stage I and Stage II propellant tanks were loaded within the allow- 
able limit cf +0.3% on the fuel load and +_ 0.4$ on the oxidizer load. Compar- 
ison of the actual loads with the expected loads is shown in Table 7 - 2 . 

Prelaunch tank pressurization was satisfactory. Comparison of the actual ox- 
idizer and fuel tank pressures with the allowable prelaunch limits at T-30 
seconds is shown in Table 7“3- Ail four propel iant tank pressures were near 
the middle of the launch limits. At T- 1 7 . 5 seconds the propellant prevalves 
were commanded open and all six valves were fully open within 7. 0-7. 4 seconds. 

Stage I Propulsion System - The Stage I propulsion system was modified from 
TC-1 and TC-2 by the addition of oxidizer P0G0 accumulators on the feed lines 
to each of the two oxidizer pumps. This change was incorporated to eliminate 
the longitudinal oscillations encountered on TC-1 and TC-2 during Stage I op- 
eration. 

Flight performance of the Titan Stage I engine was satisfactory. Engine start 
signal (87FS1) occurred at T + 109*7 seconds when the accele. ometer in the 
Titan flight programmer sensed a reduction in acceleration to 1.5 g's during 
the tail-off period of the Stage 0 solid rocket motors. 

Engine start transients on both subassemblies were normal indicating satis- 
factory jettison of the nozzle exit closures. 
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TABLE 7-2 - TITAN LOADED PROPELLANT WEIGHTS 


STAGE I AND STAGE I I 



Expected (Lbs.) 

Actual (Lbs.) 

Stage 1 



Oxidizer 

168,124 

168,242 

Fuel 

89,534 

89,590 

Stage 1 1 



Oxidizer 

42,941 

43,001 

Fuel 

23,789 

i 

23,801 

i 

i. . ... . 


TABLE 7-3 - TITAN PROPELLANT TANK PRELAUNCH PRESSURIZATION 


STAGE I AND STAGE I! 


Prelaunch Limits 

Value at T-30 Sec. 

(psia) 

(psia) 


Stage ! 




Oxidizer Tank 

33.6 

45.0 

42.4 

Fuel Tank 

24.0 

32.0 

30.4 

Stage 1 i 




Oxidizer Tank 

45.0 

57.0 

52.0 

Fuel Tank 

50.0 

56.0 

53.2 
















Steady-state performance of the Stage I engine was satisfactory. Average 
engine thrust was 1.82$ lower than expected; average specific impulse was 
the same as expected; and average mixture ratio was 1.03$ lower than ex- 
pected. These performance parameters were within the allowable three-sigma 
•Jispersions of + 3 • 27$ on thrust, + 2.3 seconds on specific impulse and 
+ 2.17$ on mixture ratio. Performance of the autogenous pressurization sys- 
tem during engine operation was satisfactory. The only noted anomaly was 
loss of the fuel autogenous temperature measurement (TP3014T) at 11 seconds 
after Stage I engine start. Comparison of the average expected steady-state 
performance values for the Stare i engine with the actual steady-state values 
is shown in Table 7*4. 

Stage I engine shutdown occurred at T + 259.4 seconds when the thrust chamber 
pressure switches sensed a reduction in chamber pressure and issued the engine 
shutdown signal (87FS2) . Engine shutdown was the result of oxidizer exhaus- 
tion as planned. The shutdown transient was normal for an oxidizer exhaustion 
mode. Propellant outage was 584 pounds of fuel which was less than the ex- 
pected mean outage of 1,485 pounds of fuel. This was the result of the shift 
in mixture ratio. Stage I engine operating time (FSl to FS2) was 3-2 seconds 
longer than expected due to the lower than expected propellant flow rates. 

Stage II Propulsion System - Flight performance of the Titan Stage II engine 
was satisfactory. Engine start signal (91 FSl ) occurred at T + 259.4 seconds 
(simultaneous with Stage I engine shutdown signal, 8 7FS2 ) . The Stage II en- 
gine start transient was normal. Stage I separation occurred 0.9 seconds 
after 91 FSl . 

Engine steady-state performance was satisfactory. Average engine thrust was 
2.70$ lower than expected, average specific impulse was 2.76 seconds lower 
than expected and average engine mixture ratio was 0.36$ higher than expected. 
The allowable three-sigma dispersions about the expected values were + 3-80$ 
on thrust, + 3-5 seconds on specific impulse and + 2.66$ on mixture ratio. 
Performance of the autogenous pressurization system during engine operation 
was satisfactory. Comparison of the average expected steady-state performance 
values for the Stage II engine with the actual steady-state va’ues is shown 
.n Table 7-5- 

Stage II engine shutdown (91FS2) occurred at T + 467.7 seconds when the sensed 
vehicle acceleration dropped to i.O g's. Engine shutdown was the result of 
oxidizer exhaustion and the shutdown transient was normal. Propellant outage 
was only 35 pounds of fuel compared to an expected mean outage of 110 pounds 
of propellant. Engine operating time (FSl to FS2) was 4.6 seconds longer 
than expected due to the lower than expected prope’lant flow rates. 

Stage I I/Centaur separation occurred 6.1 seconds after 91FS2 when the vehicle 
acceleration level reached 0.1 g. Satisfactory operation of the Stage II 
retrorocket motors was achieved. 


52 



TABLE 7-4 - TITAN STAGE I ENGiNE STEAOY STATE PERFORMANCE 




I Average Steady-State Flight Values 

Parameter 

Units 

Expected (2) 

Actual 

Thrust, total 

lbf. 

528,652 

519,056 

Specific impulse 

sec. 

302.29 

302.3 

Mixture ratio, 0/F 

units 

1.9163 

1.8966 

Overboard propellant 
flow rate, total (1) 

lbm/sec. 

1748.81 

1717.0 

Oxidizer flow rate, 
total 

Ibm/sec. 

1151.76 

1126.9 

Fuel flow rate, total 

lbm/sec. 

601.03 

594.1 

Propellant outage 

lbm 

1485 mean 
3374 max. 

584 (fuel) 

Oxidizer temperature 

°F 

80 

83.0 . 

Fuel temperature 

°F 

80 

82.7 

Oxidizer tank pressure 

psi 

34.1 

34.6 

Fuel tank pressure j 

1 

psi 

26.3 

25.6 

FS^ to FS 2 

sec. 

146.5 

149.7 


(1) Excludes autogenous pressurant flow* 


(2) Expected values are those used in the final preflight 
targeted trajectory. 











TABLE 7-5 - TITAN STAGE II ENGINE STEADY-STATE PERFORMANCE 




| Average Steady-State Flight Values 

Parameter 

Units 

Expected (3) 

Actual 

Thrust, total 

Ibf. 

103,867 

101,066 

Specific impulse (1) 

sec. 

316.36 

313.8 

Mixture ratio, 0/F 

units 

1.8135 

1.8200 

Overboard propellant 
flowrate, total (2) 

lbm/sec. 

325.67 

319.12 

Oxidizer flowrate, total 

Ibm/sec. 

210.68 

206.78 

Fuel flowrate, total 

lbm/sec. 

116.17 

113.62 

Propellant outage 

Ibm 

110 mean 
530 max. 

35 (fuel) 

Oxidizer temperature 

°F 

75 

77.5 

Fuel temperature 

°F 

77.5 

81.1 

Oxidizer tank pressure 

psl 

51.6 

53.4 

Fuel tank pressure 
• 

psi 

56.5 

58.1 

FS X to FS 2 

sec. 

203.7 

208.3 


(1) Excludes roll nozzle thrust. 

(2) Excludes autogenous pressurant flow. 

(3) Expected values are those used in the final preflight 
targeted trajectory. 















Titan Hydraulic System 


X 


by T. W. Godwin 


Summary 

Performance of the hydraulic systems on Stage I and Stage II was norma! during 
preflight checkout and the boost phases of the TC-4 flight. Stage II actuator 
loads were considerably below previous maximums. There were no anomalies. 


Discussion 

Performance data for the Titan hydraulic systems are summarized in Table 7~6a. 
All system parameters were nominal and within specification limits. The elec- 
tric motor pump in each stage supplied normal hydraulic pressure for the flight 
control system tests performed during countdown. Hydraulic pressures supplied 
by the turbine driven pumps were normal. Hydraulic reservoir levels were with- 
in limits throughout the countdown and flight. 

Stage I actuator peak loads at engine start were nominal and well within the 
family of Titan data experience. Stage II peak actuator loads at engine sta^t, 
however, were considerably lower than previous maximums. These loads for 
Stage II were only about one-third as much as experienced on the TC-1 and TC-2 
vehicles. (This indicates that the Stage II thrust chamber loads, which are 
encountered as Stage II is flown out of the interstage adapter, were lower than 
on the TC-1 and TC-2 flights.) Table 7~6b shows the maximum actuator loads en- 
countered during the engine start transients. Also shown for comparisons are 
the TC-l/TC-2 loads and the maximums for all Titan vehicles. 


h 
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TABLE 7-6 - TITAN HYDRAULICS SYSTEM - TC-4 


a) System Pressure and Reservoir Levels 





■mHi 

— 1 


Parameters 

Units 


KEEll 

Stage II 

ISydraulic 

Maximum at pump start 

psig 

4500 (1) 

; 1 

3400 

3825 

Supply 

Pressure 

Average steady state 

psig 

2900 - 3000 

2930 

2900 


Prior to pump start 

% 

47 - 62 

50 

50.5 

Reservoir 

At maximum start 

X 

22 - 47 

36 

36 

Levels 

pressure 

Average steady state 

X 

22 - 47 

36 

39.5 


Shutdown minus 5 

X 

22 - 47 

38 

41.0 


seconds 








(1) proof 

pressure 

imit 


b) Actuator Loads During Engine Start Transients 



Stage I Actuator Loads, Pounds I 

Stage II Actuator Loads 

$/A _ 

Subassembly #2 

Subassembly il 

Subassembly #3 

Actuator 

Position 

Pitch 

1-1 

Yaw-Roll 

1-1 


MBsmm 


■HI] 

TC-4 (E-4) 

+ 8,300 
- 8,850 

+ 12,070 
- 2,760 

+ 10,650 
- 4,560 

+ 4,500 
- 6,640 

+ 2,830 
- 890 

+ 3,090 
- 4,690 

TC-1/-2 max. 

+ 8,250 
- 9,270 

+ 11,000 
- 5,530 

+ 12,450 
- 4,980 

9,540 

-16,000 

+ 9,700 
- 510 

+ 9,750 
- 7,900 

Titan Family* 
(Maximums) 

+14,100 

-15,400 

+ 12,500 
- 8,151 

+ 15,400 
- 6,920 

+13,030 

-18,782 

+ 14,400 
- 8,750 

+ 9,750 
-11,184 


* Till C/D/t - only for Stage I 
+ Indicates Compression Load 
- Indicates Tension Load 
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Flight Controls and Sequencing System 




by E. S. Jeris 


Summary 

The flight control system maintained vehicle stability throughout the TC-4 
powered flight. All open loop pitch rates and preprogrammed events were 
issued as planned. No system or component anomalies occurred. Dump program- 
ming of TVC injectant fluid was satisfactory. 


Discussion 

Command voltage to each SRM quadrant and the dynamic and static capability 
limits are shown in Figures 7 ~ 4 and 7 - 5* The stability limits represent 
the TIIIE-4 side force constraint in terms of TVC system quadrant voltage. 

This constraint is used in conjunction with launch day wind synthetic vehicle 
simulations as a go/no-go criterion with respect to vehicle stability and 
control authority. Simulation responses satisfying the constraint assures a 
three-sigma probability of acceptable control authority and vehicle stability. 
Maximum command during Stage 0 flight was 2.2 volts which is 22 percent of 
the control system capability and 31*4 percent of the dynamic stability limit. 
The peak command occurred at T + 7 seconds and was due to Centaur roll to 
azimuth command. 

For Stages I and II, trie control system limit is the maximum gimbal angle 
associated with the actuator stop. During Stage I flight, the peak gimbal 
angle required for control was .88 degrees which is 20 percent of the maximum 
gimbal angle. The peak angle was required at T + 149 seconds for guidanct 
steering command. During Stage II, .48 degrees or 23.5 percent of peak gin- 
bal angle was the maximum gimbal angle required at T-302 seconds, and was due 
to the first guidance steering command during Stage II flight. 

The control system response to vehicle dynamics was evaluated for each sig- 
nificant flight event. The amplitude, frequency and duration of vehicle 
transients, and the control system command capability required is shown in 
Table 7-7. 

Both flight programmers and the staging timer issued all preprogrammed dis- 
cretes at the proper times. The Centaur sent four discretes to the Titan 
at the proper times. The complete sequence of events with actual and nominal 
times from SRM ignition is shown in Table 7"8. 
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TABLE 7-7 - VEHICLE DYNAMIC RESPONSE 







TABLE 7-8 - E-fr FLIGHT SEQUENCE OF EVENTS 



61 


OkiOINAL PAGE IB 
OF POOR QUALITY 


TABLE 7-8 - E-4 FLIGHT SEQUENCE OF EVENTS (CONTINUED) 











Titan El ectr ical /Electronic Systems 
Solid Rocket Motor Electrical System 


X 

} 

I 


by B. L. Beaton 


Summary 

For TC-4 the solid rocket motor (SRM) electrical system was identical to that 
flown on TC-1 and TC-2. The SRM electrical system performance was satisfac- 
tory with no anomalies. All power requirements of the SRM electrical system 
were satisfied. 


Discussion 

The SRM electrical system supplied the requirements of the dependent systems 
at normal voltage levels. The SRM electrical system performance is summarized 
in Table 7*9- 

The Titan core transfer shunt indicated 9-5 amps for approximately 400 ms at 
SRM ignition. This condition was experienced on both TC-1 and TC-2. It is 
caused by a short from an SRM igniter bridgewire positive to structure and 
simultaneous shorting from the transient return to readiness return within 
the igniter safe and arm device. The transfer current dropped to zero simul- 
taneous with the removal of the current path when the SRM umbi Heals were 
ejected. This condition had no adverse effect on any airborne system. 
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Titan Core Electrical System 


by B. L cteaton 


Summary 

For TC-1» the Titan electrical system was identical to that flown or >1 
and TC-2. The core electrical system performance was satisfactory with no 
anomalies. All power requirements of the core electrical system were sat- 
isfied. All voltage and current measurements indicated expected values. 
Some bridgewire shorting (after initiation) was observed at every ordnance 
even t . 


Di scussion 

The Titan core electrical system supplied ? he requirements of the dependent 
systems at normal voltage and current levels. The Titan core electrical 
system performance is summarized in Table 7~10. 

The 800 Hz squarewave output of the static inverter was 38.0 volts during 
the entire fl ight. 

The TPS bus voltage was 35.3 volts d-c at TPS bus enable and 3^.^ volts d-c 
at Titan/Centaur staging. This bus voltage was 3 to k volt* higher then 
seen on TC-I and TC-2 due to the topping off charge applied to the TPS bat- 
tery after activation. 

The TPS bus voltage and pyrotechnic firing currents during ordnance events 
are summarized in Table 7"1 1 . 

The transfer current indicated 9-5 amps at T-0 as previously discussed under 
SRM electrical system performance. The transfer current indicated that during 
short periods of high current demand on the APS bur, the IPS battery provided 
load sharing. This occurred ot TPS enable, Stage I engine start arid Stage 1/ 
II separation. 



TABLE 7-tO - TITAN CORE VEHICLE ELECTRICAL SYSTEM PERFORMANCE SUMMARY 
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Titan Instrumentation and Telemetry System 


by R. E. Orzechowski 


During the TC-4 flight a total of 197 measurements were telemetered by the 
Titan Remote Multiplexed Instrumentation System (RMIS). A summary of the 
type of measurements against the system in which they were monitored is 
given in Table 7“ 12. Of these 197 measurements all but seven performed 
without any anomalies. 

The following accelerometer measurements exhibited almost continuous high 
amplitude, low frequency spikes during Stage I engine operation, as well 
as a few spikes during transonic flight. 

15**8 Gimhal Block Accelerometer SA-1 

15*»9 0xidi7er Pyrip Accel. SA-1 

1550 Oxidizer Discharge Line Accel. SA-1 

1552 Oxidizer Pump Accel. SA-2 

1553 Oxidizer Discharge Line Accel. SA-2 

In addition to the above, measurement 2325 (Acceleration, Longitudinal Stage 
ll) was noisy during the high vibration portion of Stage 0 burn. Noise sig- 
nature was characterized by noise spikes going two to three times more negative 
than positive. 

All the above anomalies were attributed to the accelerometers being sensitive 
to high frequency inputs which produce low frequency outputs. The data from 
the first five noisy accelerometers is in most cases not useful. The data 
from measurement 2325 is readable for its steady state acceleration content. 

Measurement 3014, Fuel Pressurant Orifice SA-2 Temperature, failed at approxi- 
mately T + 120 seconds. 

Adequate telemetry coverage of the Titan vehicle was provided from liftoff to 
beyond Ti tan/Centaur separation. A summary of the predicted data coverage 
against actual data coverage of the Titan telemetry link is given in Table 
7-13. 
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TABLE 7-12 - THAN BOOSTER MEASUREMENT SUMMARY 
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Flight Termination System 
by R. E. 0 r zee hows ki 


The Titan flight termination system performance was nominal throughout the 
flight. Monitoring of the receiver AGC voltages by telemetry indicated that 
sufficient signal was present throughout the powered flight to assure that 
any destruct or engine shutdown commands would have been properly executed. 

A safe command was sent by the Range from Antigua at 21:32:24Z. A list of 
station switching times is given in Table 7~ 1 *» - 

The Range Safety Command battery voltages were 32-5 volts d-c at liftoff and 
remained steady throughout the flight. The commands from the flight program- 
mer to safe the Stage I and II SRM Inadvertent Separation Destruct Systems 
(ISDS) were issued at their expected times. The flight programmer also is- 
sued the command to safe the Destruct Initiator on Stage II prior to the 
Titan/Centaur separation. 



TABLE 7-1 h - STATION SWITCHING TIMES 
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VIII CENTAUR D-1T SYSTEMS ANALYSIS 


) 


Mechanical Systems 
Airframe Structures 


by R. T. Barrett and R. C. Edwards 


Summary 

The Centaur D-1T structural configuration for the TC-4 vehicle was similar 
to the TC-1 vehicle. 

The ISA satisfactorily transferred all Centaur and CSS loadings onto the 
Titan skirt structure. The ISA forward ring was completely severed at Titan/ 
Centaur staging and the vehicles separated at a constant acceleration. 

The ullage pressures in the Centaur propellant compartments were within pre- 
scribed limits. Sufficient pressure was maintained to prevent buckling and 
maximum pressures did not exceed burst limits of the tank structure. 


Discussion 


Interstage Adapter - Titan/Centaur separation occurred at T 
Initial motion was at approximately T + 474.3 seconds. The 
cleared the Centaur vehicle 1.77 seconds after separation, 
someter (yo-yo) between the ISA and the Centaur indicated a 
aration (Figure 8-1). 


+ 474. 1 1 seconds. 
Interstage Adapter 
The 15-foot exten- 
smooth normal sep- 


Centaur Tank - The liquid hydrogen tank pressure was always less than the max- 
imum allowable pressure of 29.2 psid. 


Sufficient pressure was maintained in the liquid hydrogen tank to prevent com- 
pressive buckling of the pressure stabilized tank skin for all periods of 
flight. During the critical compressive loading at lift-off, the pressure was 
24.26 psia. The hydrogen tank pressure during the aerodynamic phase of flight 
(T + 10 to T + 90 seconds) was similar to previous Titan/Centaur flights and 
provided sufficient compressive strength. 

The liquid oxygen tank pressure was within the structural limits for all peri- 
ods of flight. The anomalous fluctuation of the oxygen tank pressure (discus- 
sed in Centaur Pneumatics section) during the second engine start sequence was 
well within the structural limits of the tank. 


74 







I 


The differential pressure across the intermediate bulkhead did not exceed 
the structural limit of 23.0 psi. As required, the oxygen tank pressure 
was always greater than the hydrogen tank pressure. 

The liquid hydrogen and oxygen tank ullage pressure time histories are 
listed in the Centaur D-1T pneumatics section of this report. See Figures 
8-4.1 , 8-4.2 and 8-4.3. 
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Centaur Main Propulsion 


by W. K. Tabata 


Summary 

Centaur main propulsion prelaunch operations were normal for TC-4. Engine 
performance in flight was normal and steady-state performance agreed well 
with engine acceptance test values. No anomalies outside of previous Centaur 
flight experience were encountered. 


Di scussion 

Liquid Helium Prechi 11 - Liquid helium prechill of the main engine fuel pumps 
{Table 8-1 ) was satisfactory. The C-l and C-2 engine fuel pump housing tem- 
peratures CP60T and CP62T were below the 100°R redline from T-20 minutes until 
liftoff on both engines. At liftoff, CP60T and CP62T were 62°R and 70°R re- 
spectively. 

First-Burn - First-burn prestart, start transient, steady-state, and shutdown 
transients were normal. C-l and C-2 fuel and oxidizer pump housing tempera- 
tures at the beginning of first-burn prestart were as expected (Table 8-2). 

The pump housing temperature probes were slow in responding to pump cooldown 
during prestart, but this is a characteristic of the temperature probe pre- 
viously experienced in flight. 

The first-burn start transient is rhown in Figure 8-2 and agrees well with 
TC-2 first-burn. Acceleration time (MES to 90% steady-state chamber pressure) 
was 1.38 and 1.46 seconds for the C-l a.id C-2 engines respectively. 

Steady-state engine parameters measured at MES §\ +110 seconds are compared to 
acceptance test values in Tables 8-3 and 8-4. The comparison is excellent. 
Actual first-burn time was 126.9 seconds. (Predicted burn time was 126.6 sec- 
onds.) First-burn shutdown transients were normal. 

Second-Burn - The second-burn prestart was normal. Engine pump housing tempera 
tures (Table 8-2) were as expected at the beginning of prestart. All pump 
housing temperature probes again exhibited slow response. 

Second-burn start transients were normal (Figure 3-3). The engine acceleration 
times for C-l and C-2 engines were 1.51 seconds and 1-56 seconds respectively. 

Steady-state performance is listed in Tables 8-3 and 8-4 and comparison to ac- 
ceptance test is excellent. Actual second-burn time was 316.0 seconds. (Pre- 
dicted burn time was 319 seconds). Second-burn shutdown transients were normal 
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Table 3-1 - TC-*» Prelaunch Thermal Conditioning of RL-10 Engines 
a. Time to liquid indication at pump inlets 


Meas. 

Number 


Description 


Oxidizer Pumps 


C-1 Pump LOX Inlet 
C-2 Pump LOX Inlet 


Fuel Pumps 


CP 60T 

C-1 Pump LH 2 

Inlet 

CP 62T 

C-2 Pump LH 2 

Inlet 


Time from Start of Tanking til Liquid 
Units Indication at Engine Pump Inlets 

TCD Launch 


. Liquid helium chilldown of engine fuel pumps 


1 ■■■■■■ -1 

Meas. 



Time from Start of 

.He Chi 1 Idown til 1 

Number 

Description 

Units 

Fue 1 Pump Inlet Temperature » 360°F j 




TCD 

Launch 

CP 1 22T 

C-1 Engine Fuel Pump 

Mins. 

11.6 

10.0 

CP J23T 

C-2 Engine Fuel Pur>'p 

Mins. 

10.0 

10.0 



























































TABLE 8-3 " TC-4 RL1 0 ENGINE STEADY STATE PERFORMANCE PARAMETERS 


Meas. 

Number 

Description 

Units 

Accuracy 

Expected 
Value at 
0/F-5.0 

Actua 1 

Values 

1st Burn 
§ MES + 
110 Sec. 

2nd Burn 
§ MECO 

CPI B 

C-1 Pump Speed 

rpm 

+600 

12,340 

12,356 

12,338 

CP2B 

C-2 Pump Speed 

rpm 

+600 

12,477 

12,554 

13,460 

CP7P 

C-1 Fuel Venturi Inlet 

psia 

+ 30 

737 

736 

742 

CP8p 

C-2 Fuel Venturi Inlet 

ps ia 

+ 30 

748 

756 

757 

CP46P 

C-1 Thrust Chamber 

psia 

+ 10 

391 

337 

388 

CP47P 

C-2 Thrust Chamber 

psia 

+ 10 

391 

393 

392 

CP107P 

C-1 Pump LOX Disch. 

psia 

+ 16 

604 

608 

605 

CP108P 

C-2 Pump LOX Disch. 

psia 

+ 16 

620 

623 

616 

CP5T 

C-1 Turbine Inlet 

DGR | 

+ 16 

379 

367 

378 

CPCT 

C-2 Turbine Inlet 

DGR 

+ 16 

! 

327 

378 

389 
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TABLE 8-4 - T C-4 CENTAUR MAIN PROPULSION PERFORMANCE 


Parameter 

PSWA 

Accept. 

Test 

First Burn 
MES #1 + 
100 Sec. 

Second Burn 
MEC0 n 

C-l Thrust, pounds 

14.974 

14,851 

14,826 

C-2 Thrust, pounds 

14,984 

15,061 

14,963 

C-l Mixture Ratio, 0/F 

5.05 

4.98 

4.92 

C-2 Mixture Ratio, 0/F 

5.02 

4.96 

4.91 

C-l Specific Impulse, seconds 

442.0 

442.3 

442.4 

C-2 Specific Impulse, seconds 

442.6 

443.2 

443.3 


NOTE: Flight performance calculated by PSWA C* iteration computer program 
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Centaur Hydraulic System 




by T. W. Godwin 


Summary 

Centaur hydraulic system performance was normal throughout the TC-4 flight. 
The recirculation pumps functioned properly prior to engine starts and during 
the blowdown maneuver. There were no anomalies, but an unusual amount of 
steering corrections were noted following guidance enable after MES #1 . 


Discussion 

System pressures and temperatures are presented in Table 8-5. All parameters 
were normal throughout the countdown and flight. A maximum temperature of 
171 °F was noted on the C-2 manifold just prior to MECO #2. The recirculation 
pumps functioned normally when commanded on prior to MES #1, MES 12 and during 
the blowdown maneuver. There were no system anomalies. 

Following guidance enable after Titan/Centaur separation and MES #1, 11 maximum 
velocity cycles were observed on the yaw/roil actuators, and 10 cycles were seen 
on the pitch actuators. Four or five cycles are typical. During these short 
periods of maximum demand, the hydraulic pressure dropped to 300 psia, followed 
by an immediate recovery to normal system pressure. This characteristic is nor- 
mal. These unusually severe steering commands are attributed to a 23 degree 
tilt of the Centaur vehicle after separation and a software limitation of the 
maximum gimbal angle +2°. Actuator response, however, was normal. 
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Flight 
Sequence I 

Count 


First 

Burn 


Second 

Burn 


Blowdown 


Parameters 

Max. during count 

Prior to recirc. on 
Recirc. motors on 

MES - 1 

MECO - 1 


Prior to recirc. on 
Recirc. motors on 
MES - 2 
MECO - 2 

Recirc. motors on 
P.Cviru motors off 



SYSTEM TC-4 FLIGHT PERFORMANCE 





fftl 

rt Tpmp t ® 

r 

Expected 

CH IP 

' CH 3P 


CH 5T 

CH 6T 

Values 

C-l 

C-2 

Expected 

C-l 

C-6 

(approx.) 

Engine 

Engine 

Values 

Engine 

Engine 




180 max. 

113 

m 




180 max. 

65 

52 

120 - 140 

127.5 

126 

M 

65 

54 

1110 -1150 

1140 

1132 

n 

65 

54 

1110 -1150 

1132 

1140 

N 

111 

111 




180 max. 

87 

89 

120 - 140 

124 

122 

M 

85 

87 

1110 -1150 

1140 

1140 

II 

87 

89 

1110 -1150 

1140 

1130 

M 

162 

171 

120 - 140 

139 

128 

18C max. 

124 

129 

120 - 140 

137 

132 

It 

115 

116 
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Centaur Pneumatics 


by R. A. Corso and R. F. Lacovic 


Summary 

Centaur pneumatics system for controlling vehicle purges, propulsion system 
valves and propellant tank pressurization performed normally through all 
phases of the TC-4 flight. One anomalous condition was noted during LOX 
tank pressurization for second MES due to an unusual oscillation in the in- 
dicated tank pressure. The control system, however, responded properly 
under the circumstances and the required pressures were maintained for en- 
gine start. 


Di scuss ion 

Purge System - Purge operations were normal throughout prelaunch operations. 

The tank shroud annulus pressure (TSAP) was maintained above the required 
0.045 psid for winds less than 3 ? knots. The minimum pressure during pre- 
launch activity was 0.125 psid. And at liftoff the TSAP was steady at 0.31 
psid. 

Propulsion Pneumatics - Engine control and attitude control regulator outlet 
pressure were nominal throughout the flight. At liftoff the engine control 
and attitude control regulator outlet pressures were 454.1 and 310.1 psig. 
Required control limits for these outlet pressures were 445 to 475 and 297 
to 320 psig respectively. The regulator pressures at various times during 
the flight are summarized in Table 3-6. 

Tank Pressurization Pneum r tics - LO 2 and LH 2 tank piessures, see Figures 8-4.1, 
8 - 4.2a nd 1PTT 3 , were within predicted values at liftoff. The hydrogen tank 
vent valve was locked at T-28.1 seconds. And the pressure increased from 21.12 
to 24.26 psia at liftoff. The minimum predicted pressure at liftoff was 23.1 
psia, and the maximum was 24.9 psia 

The secondary vent valve did not vent during flight. At T + 90 seconds the 
primary vent valve was unlocked, and the tank pressure vented to the normal 
regulating pressure of 19 to 21.5 psia. LH 2 tank pressures during the re- 
mainder of tha flight, during both engine start seq^.ices and during the low 
gravity coast, were as expected. 

LOX tank pressures during the boost phase and Centaur first-burn were as ex- 
pected. The initial rano pressurization for second MES was also normal but 
then exhibited an anomalous pressure oscillation. Pressure levels were satis- 
factory for engine start ano steady st^te engine operation, however. Follow- 
ing MEC0 HI the pressures were again as expected. 
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TABLE 8*6 - PNEUMATIC SYSTEM OATA SUMMARY FOR TC-*« 











































































































CENTAUR TANK ULLAGE PRE 











FIGURE 8-4.2 - CENTAUR TANK ULLAGE PRESSURE TIME HISTORY (CONTINUED) 
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Helium Usage - The helium usage for the TC-4 flight was nominal and well 
within the predicted usage range. The helium required for pre-MES 1 pres- 
surization was 0.79 pounds as compared to a predicted range of 0.58 to 0.85 
pounds. The helium required for pre-MES 2 pressurization was 1.33 pounds 
as compared to a predicted range cf 1.19 to 1.49 pounds. The helium required 
for the post-MECO 2 pressuri zat ion was 0.58 pounds as compared to a predicted 
*an ge of 0 to 1.5 pounds. 

The final helium bottle residual was 5*56 pounds as compared to an initial 
bottle loading of 8*81 poinds. This residual indicates that an extensive 
helium usage margin exists for the Viking missions. Consequen * 1 v , this ex- 
tensive margin can easily accommodate the add^ional helium usage that will 
be required to operate the zero-g purges added for TC-3- 

Compute** Controlled Vent and Pressur I zat ion System (CCVAPS) - For the LH 2 
tank liftoff pressure check CCVAPS predicted a tank pressure at T-0 of 
24.35 psia as compared with the actual value of 24.26 psia. This pressure 
was well within the liftoff pressure gate of 23.1 to 24.9 psia and well 
above the predicted minimum LH 2 tank pressure of 23-3 psia. The LH 2 tank 
pressure history during the entire vent valve lockup period is shown in 
Figure 8-5 where comparison is made with the TC-2 pressure history and the 
predicted TC-4 minimum pressure history. The TC-4 pressure significantly 

greater due to the greater primary vent valve initial loci** * .sh^c. 

During the pre-MES 1 pressurization CCVAPS controlled the ensures to 

within the expected operating range. F' r the IH 2 tark pre - >Zd li CCVAPS 

properly controlled the tank pressure oy the P x criteria to t.iS'" -nL 
the LH 2 tank pressure allowables were not exceeded. The pre M 1 pres- 
sure histories are shown in Figure 8-6. The CCVAPS pressurize 'urol 

parameters are shown in Table 8-7. 

The pre-MES ? tank pressure histories are shown in Figure 8-7. At LO 2 tank 
pressurization for MES 2 CCVAPS initiated and controlled a normal ramp pres- 
sure increase in LO 2 ullage pressure to the required range for engine start. 
After the pressur i zat ion valve closed, however, the indicated tank pressure 
continued to rise slowly and began to exhibit oscillations with Increasing 
amplitude as shown in Figure 8-8. Oscillations were indicated by all three 
CCVAPS transducers and the one instrument transducer CF1P. At an indicated 
pressure of 36.01 psia (uppe- maximum control limit) the CCVAPS logic trig- 
gered a failed pressurization valve sequence and commanded the main pressuriza 
tion control valve closed at MES 2 - 24.5 seconds. Thereafter, all pressuriza 
tion control commands were switched over to the backup pressur i zat ion valves. 

Pressure oscillations continued with increasing amplitude through termination 
of th* pressurization sequence at engine start. After engine start pressure 
oscillations of a lesser amplitude and at intermittent intervals were noted 
throughout the period of main engine firing. Then at engine shutdown the 
irMcated ullage pressure showed an abrupt drop of 4.0 psia, after which the 
pressure again appeared normal. 
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FIGURE 8-5 - LH, TANK PRESSURE PROFILE AT LIFTOFF 
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The indicated pressure oscillations, and the tank pressure drop at MECO 2, 
were both explained by a common hypotheses; that a column of L (>2 existed 
in the pressure sense line. The line is common to all four transducers. 

With LO 2 in the line a pressure drop at HECO 2 would result when the head 
effect of the liquid column was lost as the vehicle acceleration dropped 
from 2.15 g to 0. 

In order to prevent LO 2 from entering the sense line on TC-3, a zero-g purge 
kit identical to the ones flown on TC-1 and TC-2 was installed. This kit 
provided a continuous helium purge of 32 SCIM to the L0 2 tank pressure sense 
line. 

CCVAPS did not enable a venting of either propellant tank throughout the 
entire flight since the tank pressures were well below the tank vent initia- 
tion criteria as given in Table 8-8. 
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TABLE 8-8 - TANK VENTING PARAMETERS, SETTLED COAST PHa.SE 
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Centaur Propellant Feed and Reaction Control Systems 

by K. W. Baud 


Summary 

Performance of the TC-A- Centaur Propellant Feed and Reaction Control Systems 
was satisfactory. No anomalies were detected during either the countdown or 
subsequent launch. Usable peroxide residual at start of the depletion expet i- 
ment was 142 pounds. Actual time required H to deplete the residual peroxide 
was 894 seconds versus a predicted time of 866 seconds. The depletion time 
difference (28 seconds) was equivalent to 4.6 pounds of peroxide. 


Discussion 

Propellant Feed System - The ability of the b ost pumps to rotate under cryo- 
genic conditions was demonstrated during the countdown by successful completion 
of the GN 2 spin test at T-45 minutes. A sudden 9 psi increase in turbine inlet 
pressures was noted approximately 2 minutes after start of the test. This in- 
crease was attributed to a partially closed GSE shutoff valve during the first 
2 minutes of the test. Results of the test are presented in Table 8-9 and also 
compared with previous vehicle testing. 

The boost pumps operated normally during both burns. A summary ov the perfor- 
mance is presented in Table 8-10. Turbine inlet pressure rise occurred within 
2 seconds of the peroxide feed valve opening for both burns. The turbines ac- 
celerated smoothly and operated within the expec red speed range; corresponding 
pump headrise was also normal. 

Following MECO #2, the LO 2 boost pump accelerated to 59,475 RPM and the LH 2 
boost pump accelerated to 62,400 RPM due to the combined effect of pumping 
cessation and purging of residual peroxide through the turbine catalyst beds. 
This phenomena was expected based on previous flight data. The maximum pos- 
sible turbine speed predicted by analysis and tests was 68,000 RPM. 

A summary of propellant feed system temperature data is presented in Table 
8-11. All temperatures were within expected values. 

Reaction Control System - Component temperatures were maintained within ex- 
pected ranges during the prelaunch countdown and flight. A summary of tempera- 
tures at selected times is presented in Table 2. 
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TABLE 8-9 - CENTAUR BOOST PUMP SPIN-UP TEST DATA 
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Programmed 20 second firings of the S2A, Y1 , Y2 and S2B thrusters to prime 
the peroxide supply lines during the boost phase was verified by the re- 
sponse of thermocouples located on the thrusters. Similarly, the thermo- 
couple response verified the programmed 10 second warming firing of all P 
and Y thrusters prior to MECO § 2 and all settling engine operating modes 
except for the 2 S-on mode during the settled coast. Switching from the 4 
S-on mode to the 2 S-on mode at MECO #1 plus 250 seconds was not confirmed 
due to the lack of telemetry coverage. 

The DCU computed hydrogen peroxide consumption at the start of the peroxide 
experiment was 177.9 pounds. The preflight predicted value was 177.4 pounds. 
A total of 323-9 pounds was loaded for flight of vhich 4.4 pounds were un- 
usable. Thus, the predicted usable peroxide at start of the depletion ex- 
periment was 142.1 pounds. The predicted time to deplete the residual per- 
oxide was 866 seconds. Based on the settling engine temperature data, actual 
depletion time was 894 seconds. The 28 seconds difference was equivalent to 
4.6 pounds of peroxide. 
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by R. F. Lacovic and R. A. Corso 


Summary 

The environmental control system maintained proper thermal conditioning in 
all compartments and all component temperatures were maintained within spec- 
ifications limits during prelaunch and during flight. The TC-4 vehicle flew 
a hotter trajectory than previous Titan/Centaur vehicles resulting in warmer 
external temperatures, otherwise all temperature data are in good agreement 
with previous TC-1 and TC-2 flight experiences. 


Discuss ion 

Temperature survey data for the prelaunch and flight periods are summarized 
in Table 8-13 through 8-17 for the Centaur airframe and mechanical systems. 

The CSS and ISA flight temperature data, as shown in Figures 8-9 through 
8-11 are identical in profile to the TC-1 flight data except for the peak 
external temperatures. They are signif’cantly greater, as much as 62°F, on 
TC-4 as the result of a hotter trajectory. The temperatures, however, are 
still well below the design allowables. 

The shroud internal temperature data, as shown in Figures 8-12 and 8-13. show 
only a slight increase in temperature as a result of the higher external tem- 
peratures. Also, the internal temperature data show good agreement with the 
TC-1 fl Ight data. • 

A composite summary of all other vehicle temperature data, Tables 8-14 through 
8-17, for significant flight event times shows a detailed comparison with cor- 
responding TC-1 and TC-2 data. There is good agreement in all of the tempera- 
ture data and no significant deviations or anomalous behavior was observed. 

All equipment and component temperatures remained well within the given opera- 
tional limits. 

An examination of the more respc.isive temperature data shows that the vehicle 
was in the earth's shadow from MECO #1 + 5 minutes to MECO #2+13 minutes. 
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TABLE 8-14 - SUMMARY COMPARISON OF TEMPERATURE DATA 
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TABLE 8-16 - SUMMARY COMPARISON OF TEMPERATURE DATA 



Men 


1 

Temperature. M Fat Dl>jcrrt( Event Times | 

System 

Number 

Description 

Vehicle | 

Liftoff | 

:>hiwt 1 Mts-i j 
Mtisnft! I 

* *740 j f-IUOO i T.l #00 I 
brvomts* S**c«MVlsl 

MtS-* | 

SC 1 
5* mratft 


I 



LIU BP Turbine 
; Bearing 

TC-1 

25— 

It 

70 

/V5 

— 

— 

— 

— 

E 

Q» 

CP127T 

• a 

.7* 

70 

.. JZZ_ 



/.as 

202 


4-» 

« 


-a 

76 

7<b 

53 



2o7 


34^ 

CO 


-4 

77 

73 

f.y 

no 

~ 

2©J 1 

Z/0 

362 


1 

Q> 



TC-l 


AJA 

AJA 

tjp 

tJ* 

AM 

AJA 


Cl 

Cm 

CP185T 

LO, BP Dccomp. 

-a 

//Q- 

tto 

>512 


>J*7 

>597 

*$97 

>597 

V* 


Chamber 

-3 

»>3. 


7 St? 

>597 



>512. 


C 

(0 


-4 

tto 

tto 

>59 7 

>577 

— 

>597 

>59 7^ 

>59/ 

H 



ty 

CP187T 

LH ? BP Dccomp. 

TC- 1 

ajA 

AJA 

AJA 

ajA 

Ai/I 

AJA 

AJA 


cu 

o 

-a 

iOQ 

no , 

>597 

>597 

>597 

.>512. 

>517 

>59Z 

£ 


Chamber 

-3 

J*2 


>S17 

>S9r 


579 

>S97; 

> S97 




-4 

to L 

/»7 

>597 

>177 

>597 

>597 

>597 • 

>597 

3 

j 

Q 

•P 

C 

Ol 

CP361T 

LH ? BP Supply 

TC- 1 
-2 

7 9 
77 

>e. 

fe.4. 

too 

/36 

__ZiVL 

'/3Y* 

//«. | 

’ — * 1 
ftju 

/SJL 

CJ 


* Line Near 

-3 

az 

56 

tot 

U + 


«yr i 

/» 9 , 

i7<r 



Orifice 

-4 

1U 

S7 . 

tot 

/sa 

— 

/Z7 

to 3 _ _ 

t7t 


1 




TC- i 

kk. 

Ve 

95 \ tOtJ 

1 * 



— 


CP71MT 

L0 P BP Inlet 

-a 

_kk_ 

jo. 

1 25. 

ja 1 

. .U1L.\ 

.2X 

/0&. 



Line . 

-3 



99 

1 os 


«3o ! 

/oa . 




-4 

irk 

_V7 1 

9£, 

no\ 


/3/ 

99 1 

705 


1 




TC- I 


_ *3 

P3 

£3 

— 

. JLZ_ 



^ 1 


CP 93T 

Attitude Contro 
H 2°2 ^ ottle 

m 

..2&. 

(_fL±_ 

i- ^ 

£2. 

. JJL 

-JE2- 

9/. 

JEJL j 

es ] 


L 


tu 


*7 




9o 

9<J 


U 


CP1S2T 

Quad 2/3. A/C . 

TC- 1 

. &j0l 

__&£J 

72 

99 

— 

— 





-2 

iJL 

75> 

9X 

7/ 



92 

99 

| 


Line 

-3 


i 

72. 

9S* 


9C 

95- 





-4 

??- 

70 

?5 

LH4_ 

— 


9V 



1 . . 

e 

01 | 



TC- I 

7? 

_ 78 

92. 

_ 

— 

. — 

— 

_ _ 

4-> 

(0 

CP155T 

Quad 1/M A/C 

-a 

70. 




¥5 

_21 

_5?5_ 


CO 


Line 

-3 

7S 

7S- 

99- 



99 

7<P__ 





-4 

7¥ 

72 

?2 


— 

9C 

9b_ 

l_9A, 

rH 

rt. 

1 1 

s* 

9* 



TC- 1 

MA 

#0A 

.. AM j 

A )A 

MA 

MA 

AJA. 

L 4101 

3 

CO 

CP160T 

Quad 1/2 A/C 
Line 

-a 

NA. 

UA 

MA 

OA 

N.a 

WA 

AJA 

M«n 

CM 

-3 

..43_ 

72. 


0 + 

S’ 


9->_ 

98 

991 

O 

sf 1 


-4 


85 

-- ?V_ 

— 

9V 

2i 

a/ j 

1 _ _> 



Boost Pump* 

TC- 1 


82 

bz 


— 



— 

- 

3 

(0 

CP659T 

1 -a 

do 

Bo 

flu 

83 

8V 

Qfa 

fi7 

as 

P 

c 


H 2 0 2 Bottle 

" -3 


8r 

8r 



fit 

efP 

PC 

O 

f i 


-4 

S3 

- S3- 

S3 

as 


08 

S3 

&k . 

u 

r~ : 




TC- 1 . 


S3L. 

92. 


— 

— 

— 



CP756T 

llpO_ Crossover' 
Line 

-a 

IP 


gJ? 





9/ 



-3 




_?5 _ 


.99 

ICO 

L93 .. 




f" -4 

Z2_ 

E3_ 

99 

94, 

— 

•99 

9fa 

t92_ 


1 




TC- \ 

J5i 

9JL_ 

ay 


— 

— 


•— 


CP831T 

Line Btwn. 'P 

-2 

S3 . 
82. 

00 

.JiL 
*4 ■ 
04. 

JLL 

95 

95' 

^3Li_ 

97 

/oi 

/0 7 

Jil. 

J.LL-. 

9T 

r 


Feed Valv»*n 

' ~-3 
-4 


;^9 

f23 

9/ 

9L~ 

99 

io3 


Of POOR u 


109 



Centaur H,0, Propulsion System 


TABLE 8-17 - SUMMARY COMPARISON OF TEMPERATURE DATA 
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Electr ical/Eiectrcnic Systems 
Electrical Power System 


by J. 8. Nechvatal 


Summary 

Performance of the Centaur electrical system on TC-4 was satisfactory through- 
out the countdown and flight until loss of telemetered data at 14100 seconds. 

An unexpected main battery current demand of 2 amperes was observed following 
acquisition of data from Ascension at 1260 seconds and disappeared at MES-2 
during igniter firing. The load reappeared after completion of the programmed 
flight, reaching a maximum of 10 amperes above normal during this period, and 
remained until loss of signal at 14100 seconds. 

There were no detrimental effects noted to user system operation due to this 
added load. 

Post-flight tests and analysis indicate the cause of the anomaly was leaking 
current in the battery, caused by electrolyte being vented from a battery cell 
or cells and making contact with the metallic case. (See details in discussion.) 


Discussion 

Configuration : The electrical power system, Figure 8-14, consists of a power 

changeover switch (integral part of the Sequence Control Unit), a main battery, 
two independent Range safety command (vehicle destruct) batteries and a single 
phase, 400 Hertz inverter. (Inverter is an integral part of the Servo- inverter 
Unit.) 

System Performance : Transfer of the Centaur electrical loads from external power 

to the internal battery was accomplished at minus 112.4 seconds by the changeover 
swi tch. 

The ma*n battery voltage was 27.5 volts at liftoff (Table 8-18). A low of 26.3 
volts was recorded during main engine first start sequence and 26.8 volts at 
main engine second start sequence. The voltage recovered to 28.0 volts after 
spacecraft separation, reaching a peak of 28.5 volts at 13000 seconds (Table 8- 
19). 

Main battery current was 38.5 amperes at liftoff. It peaked at 58.5 amperes 
at main engine first start and 60.0 amperes at main engiie second start. The 
flight current profile was consistent with values recorded during preflight 
tests. The individual bus and package currents also indicated normal operating 
profile. Battery current values with respect to flight programmed events are 
shown in Table 8-20. 
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TABLE 8-19 - TC-4 CENTAUR ELECTRICAL SYSTEM PARAMETERS 



CS844V Inverter Out- 
put Volts VAC 25. 9l 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25. 9 




TABLE 8-20 - TC-4 CENTAUR BATTERY CURRENT PROFILE 


EXPECTED TIME 


EVENT NOMINAL 

MAXIMUM 

ACTUAL 

SECONDS 

Centaur to Internal 

39.0 

58.3 

36.5 

-112.4 

Lock LH 2 Vent valve 

40.2 

62.3 

3E J 

- 28.2 

Lift-Off (T-0) 

40.5 

62.6 

38. 5 

0.0 

Unlock LH2 Vent Valve 

38.3 

58.1 

37.3 

89.9 

Fwd. Bearing Reaction Sep. 

39.0 

56.5 

37.6 

99.9 

P 1. Bearing Reaction Reset 

38.8 

55.1 

37.3 

101.9 

Fwd. Seal Release 

39.0 

58.5 

37.3 

209.7 

Fwd* Seal Release Reset 

38.8 

58.1 

37.0 

212.7 

Shroud Coax Switches 

37.8 

56.1 

35.8 

270.3 

H 2 O 2 Engines - S2A On 

38.3 

56.7 

36.3 

275.1 

^202 Engines - S2A Off; Yl On 

38.3 

56.7 

36.3 

295.1 

M202 Engines - Yl Off; Y2 On 

38.3 

56.7 

36.3 

315.1 

H20 2 Engines - Y2 Off 

37.8 

56.1 

35.8 

335.1 

H 2 O 2 Engirds - S2B On 

38.3 

56.7 

36.3 

378.1 

H 2 O 2 Engines - S2B Off 

37.8 

56.1 

35.8 

398.1 

Lock All Vent Valves 

41.2 

66.3 

41.2 

432.2 

LO 2 & LH 2 Tank Pressurization; 
Control Valve On 

43.6 

75.3 

43.8 

434.2 

Boost Pumps - Primary & Back- 
Up On; H 2 O 2 Purge Valve On 

46.7 

79.2 

47.0 

434.3 

End LO 2 Tank Pressurization 

45.9 

76.2 

46.2 

435.1 

End IRp Tank Pressurization 
Hydraulic Circ. Pumps On 

45.1 

73.2 

45.5 

435.6 

52.0 

92.2 

49.8 

467.7 

Open Prestart Valves 

54.9 

95.6 

52.5 

476.2 

Igniters On; Open Start Valves 
Control Valve Off 

60.3 

96.7 

58.5 

484.2 

Igniters Off 

56.8 

91.7 

54.3 

488.2 

Hydraulic Circ. Pumps Off 

51.4 

78.7 

49.3 

496.2 

H 2 O 2 Engines - Y & P's On 

55.4 

83.1 

51.5 

591.3 

H 2 O 2 Engines - Y & P’s Off 

51.4 

78.7 

47.5 

601.2 


MECO: Boost Pumps Primary & 


Backup Off; H 2 O 2 Purge Valve 
Off; Close Prestart & Start 


Valves & H2°2 Engines On 

42.7 

63.0 

42.0 

611.2 

H 2 O 2 Engines ”S x/2 On” Mode 

44.7 

70.2 

43.3 

861.2 

H 2 O 2 Engines All ”S” On Mode 

43.7 

69.1 

42.5 

1410.0 

Hydraulic Circ. Pumps On 

50.1 

83.2 

49.0 

1470.0 

L02 & LH 2 Tank Pressurization 
& Control Valve On 

52.5 

92.2 

50.6 

1492.0 

End LO 2 Tank Pressurization 

51.7 

89.2 

49.8 

1497.0 

End LH2 Tank Pressurization 

50.9 

86.2 

49.0 

1497.8 

Boost Pumps - Primary & Back- 
Up On; M 2 O 2 Purge Valve On 

54.6 

90.1 

52.0 

1502.1 

Control Valve Off; Backup 
Pressurization On 

53.2 

87.1 

51.3 

1505.3 
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TABLE 8-20 - TC-4 CENTAUR dATTERY CURRENT PROFILE (CONTINUED) 


EXPECTED TIME 


EVOJT 

NOMINAL 

MAXIMUM 

ACTUAL 

SECONDS 

Open Prestart Valve 

56 

90.5 

55. 8 

1513.0 

MES No. 2: Igniters On; Open 

Start Valve S; V & P HpO? 

Engines Off 

62.3 

99 

60.0 

1530.0 

Igniters Off 

58.8 

9M.0 

54.5 

1534.0 

H 2 O 2 Engines MS Off 

56.8 

91.7 

52.0 

1535.0 

Hydraulic Circ. Pumps Off 

51. M 

78.7 

47.0 

1542.0 

MECO No. 2: Boost Pumps - 

Primary & Back-Up Off; H 2 O 2 
Purge Valve Off; Close Pre- 

Start & Start Valves 

M2. 6 

68.0 

39.8 

1846.1 

Control Valve On 

MS. 0 

77.0 

40.5 

1856.1 

Control Valve Off 

M2. 6 

68.0 

39.8 

1870.1 

Separate Viking Cornua nd 

M2. 9 

68. M 

40.0 

2066.1 

Separate Viking Command Reset 

M2.G 

£8.0 

39.8 

2071.1 

H 2 O 2 Engines - MS On Mode 

MM. 7 

70.2 

41.0 

2671.1 

H 2 O 2 Engines Off 

M2. 6 

68.0 

39.3 

2746. 1 

Hydraulic Circ. Pumps On 

M8.0 

81.0 

44.0 

2896.1 

Open Pre start Valves 

50.9 

8M.M 

46.3 

2921.1 

Hydraulic Circ. Pumps Off: 

Close Pre start Valve 

M2. 7 

68.0 

39.1 

3171.1 

H 2 O 2 Engines MS On Mode 

MM. 7 

70.7 

40.5 

3176.1 

Unlock All Vent Valves 

Ml. 3 

60. G 

37.5 

3246.1 

H 2 O 2 Engines MS Off 

39.3 

57.8 

36.0 

5176.1 
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Unexpected current demands were noted on the main battery current (measure- 
ment CEIC) during the first coast phase and again after completion of pro- 
grammed events. The unexpected 2 ampere load during the coast phase was 
initially observed at acquisition of Ascension data (1260 seconds). The 
load was maintained until second main engine start. The unprogrammed load 
was again observed at 4287 seconds (HECO 2 and 2441 seconds), and continued 
until loss of data at 14100 seconds. The random, low frequency fluctuating 
current demand average 5 amperes with peaks of 10 ampere, above normal ex- 
pected level. The demand was observed on the main battery voltage as a 
slight decrease (less than 0.3 volts DC), but was not seen on any of the 
individual busses or component currents. 

The cause of the above normal current is attributed to an electrolyte leak- 
age path from inside a battery cell or cells, through the metallic cell vent 
valve to the battery case. The battery case is electrically bonded to the 
vehicle ground plane, and provides a leakage path from the battery/ vehicle 
ground plane to the battery negative through the measurement CEIC current 
shunt. The leakage path occurs when electrolyte is vented from the cell/ 
cells and bridges the gap between the fill/vent valve and the battery case. 

On venting, the path is of electrolyte instead of gas when in a zero 6 
flight environment. The free electrolyte in the cell tends to wet the en- 
tire cavity surface with the gas bubble in the geometric center of the cell 
cavity. See Figure 8-15. 

TC-4 and TC-3 are the only two flights which have flown a short fill port 
configuration and are the only two flights to exhibit the current anomaly. 

In order to prevent a recurrence of the current anomaly, the vent valves 
will be lengthened to extend further into the cell cavity and the material 
will be changed from the present metal vent valve to a nylon vent cap. This 
will allow for gas instead of electrolyte venting and eliminate the continu- 
ous electrical path from inside to the outside of the cell. 

Performance of the two range safety command system batteries was satisfactory. 
At liftoff, the battery voltages were 32.5 and 33-0 volts (Table 8-18) and 
remain steady to first main engine cutoff, when the RF disable was initiated. 

Vehicle AC power was supplied by the Servo Inverter Unit. The voltage output 
of the inverter remained steady at 25.9 volts AC throughout the programmed 
fl ight. 
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Digital Computer Unit 


by D. S. Re pas 


Performance of the DCU throughout the flight for TC-4 was satisfactory as 
evidenced by proper functioning of flight events and operation of associated 
systems. The data indicating DCU performance are presented with the flight 
performance analyses of the associated systems. 
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*nertiai Measurement Group 


by P. W. Kuebeler 


The Inertial Measurement Group (IMG) performance during the flight cf TC-4 
was satisfactory as evidenced by the accuracy of the trajectory, whict is 
described in the Trajectory and Performance Section, and the telemetered 
data which is considered below. 

The IMG consisted of IRU S/N 15, P/N GG8065B2, and SEU S/N 16, P/N EG8076B1 . 
Gimbal loop performance was satisfactory. The maximum gimba) error observed 
was approximately 6 arcseconds as compared to a specification of 60 arcsec- 
onds. The IMG current was normal throughout the flight. The IRU temperature 
was 76°F at liftoff and rose to 83°f by the end of the flight. These tempera- 
tures were well within the operating range of the IRU. 


FI ight Control System 


by D. W. Bitter 


The Digital Computer Unit (DCU) and the Sequence Control Unit (SCU) per- 
formed satisfactorily in issuing the flight control system commands to 
other vehicle systems during the flight of TC-4. The SCU receives its 
input from the DCU and converts this input into switch commards usable 
by other vehicle systems. The DCU commands were issued at the expected 
times and for the expected duration of time. 

Table 8-21 lists the planned switching sequence and actual flight events. 
The column headed "Sequence" shows the time of the event from the start 
of each phase of flight. The column headed "Planned Time" shows the 
time after liftoff for each event based upon preflight actual launch time 
trajectory with launch day winds. The "Actual Time" column shows the 
time after liftoff that the DCU command was issued to the SCU. Other 
functions programmed by the DCU software are shown in the table to help 
in clarifying the flight sequence. 
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gen SWITCH 


TABLE 8-21 - TC-4 FLIGHT SEQUENCE OF EVENTS 
SE QUENCE 


EVENT 


PLANNED 

TIME-SEC 


ACTUAL 

TIMC-SCC 


84 

Reset 

Go Inertial fll T-6. 

.0 


T-6.0 

T-6.0 

85 

Reset 






86 

Reset 






- 

<•» 

Liftoff f21 SRM+0.0 

0.0 

0.0 

57, 

58 

Set 

Begin Roll Program SRM 

+ 

6.S 

6.5 

6.5 

57, 

58 

Reset 

End Roll Program (3) 



6.9 

6.9 


- 

(4) Begin DCU Pitch, 

Yaw Program SRM 

+ 

10.0 

10.0 

10.1 

28 

Reset 

Unlock LH_ Vent 
Valve 1 SRM 

+ 

90.0 

90.0 

90.0 

34 

Set 

Sep Fwd Brg Reactor SRM 

+ 

100.0 

100.0 

100.0 

34 

Reset 

Reset Fwd Brg 







Reactor SRM 

+ 

102.0 

102.0 

102.0 

- 

• 

f5) Stz 0 Shutdown 
Detected bv DCU STG 

0 

+ 0 

(6) 110.0 

109.8 


• 

End Pitch, Yaw 







Program STG 

0 

+ 0 

(6) 110.0 

109.8 

« 8 » 

• 

Enable Titan Steer- 

. 






ing STG 

0 

+ 32 

142.0 

141.8 

39 

Set 

Release Fwd Seal STG 

0 

+ 100 

210.0 

209.8 

39 

Reset 

Reset Fwd Seal STG 

0 

+ 103 

213.0 

212.8 


- 

Inhibit Titan Steer- 







ing STG 

0 

+ 122 

232.0 

231.8 

- 

- 

(7) STG 1 Shutdown 
Detected bv DCU STG 

1 

+ 0 

(6) 257.0 

260.2 

61 

Set 

Unlatch Shroud CMD 1 STG 

1 

+ 10 

267.0 

270.2 

62 

Set 

Unlatch Shroud CMD 2 ^TG 

1 

+ 10.5 

267.5 

270.7 


(1) Go Inertial occurs 25 seconds after the control monitor group sends 
a command to start the DCU count. 

(2) Liftoff - Defined as start of Rocket Motor Ignition (DRS 496) 17:22: 

00.115 EOT. . 

(3) End Roll Program - Time is launch azimuth dependent. 

(4) Pitch Yaw Steering - Enabled when altitude exceeds 10S0 feet and time, 
exceeds 10 seconds from SKM ignition. 

(5) STG 0 Shutdown - Noted by DCU when computing a decreasir^ accelera- 
tion of less than 1.5 g’s. , . . _ . . _ . 

(6) Expected time iron proflight actual launch tome trajectory dtd 8/21/75. 
C7j STC 1 shutdown - noted by DCU when computing a decreasing accelera- 
tion of less than 1.5 g's. 


L, 
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TABLE 8-21 - TC-4 FLIGHT SEQUENCE OF EVENTS (CONT.) 


PLANNED ACTUAL 



SWITCH 

FVENT 

SEQUENCE 

PIME-SEC 

TIME-SEC 

61 

Reset 

Reset Shroud OfD 1 

STG 1 + 11.5 

268.5 

271.7 

62 

Reset 

Reset Shroud CMD 2 

STG 1 * 11.5 

268.5 

271.7 

8 

Set 

S2A On 

STG 1 + 15.0 

272.0 

27S.2 

8 

Reset 

S2A Cff 

STG 1 + 35.0 

292.0 

295.2 

1 

Set 

Y1 On 

STG 1+35.0 

202.0 

295.2 

- 

- 

Enable Titan Steer- 






ing 

STG 1 + 35.0 

292.0 

295.2 

1 

Reset 

Y1 Off 

STG 1 + 55.0 

312.0 

315.2 

2 

Set 

Y2 On 

STG 1 + 55.0 

312.0 

315.2 

2 

Reset 

Y2 Off 

STG 1 + 75.0 

332.0 

335.2 

12 

Set 

S2B On 

STG 1 + 118.0 

375.0 

378.2 

12 

Reset 

S2B Off 

STG 1 + 138.0 

395.0 

398.2 

24 

Set 

Lock L0_ Vent Valve 

STG 2 - 30.5 

429.1 

432.3 

28 

Set 

Lock LHp Vent Valve 1 

STG 2 - 30.5 

429.1 

432.3 

31 

Set 

Lock LHg.Vent Valve 2 

STG 2 - 30.5 

429.1 

432.3 

• 


Inhibit Titan Steer- 






ing 

STG 2 - 30.0 

429.6 

432.8 

27 

Set 

Open Control Valve 

STG 2 - 28.56 

431.0 

434.3 

29 

Set 

Press LO, Tank 

STG 2 - 28.56 

431.0 

434.3 

32 

Set 

Press LH| Tank 

STG 2 - 28.56 

431.0 

434.3 

23 

Set 

Primary-Boost Pumps 






On { 

STG 2 - 28.4 

431.2 

434.4 

18 

Set 

B/U Boost Pumps On 

| 

STG 2-28.4 

431.2 

434.4 


• 

f81STG 2 Shutdown ' 






Detected bv DCU 

i'STG 2 + 0 

(6) 459.6 

467.7 

65 

Set 

Stg 2 S/D B/U 

STG 2 + 0 

(6) 459.6 

467.7 

17 

Set 

Cl Circ Pump On 

STG 2 + .1 

459.7 

467.8 

21 

Set 

C2 Circ Pump On 

*| 

STG 2 + .1 

459.7 

467.8 

63 

Set 

1 

P9T T/C Separation 

Sep + 0 

(6) 465.6 

473.8 

64 

Set 

' 

, 




19 

Set 

Open Prestart Valves 

Sep + 2.5 

468.1 

476.3 

27 

Reset 

, Close Control Volvo 

Sep + 10.22 

j 

475.8 

484.1 


(8) Stage II shutdown- no ted by IXIU when observed aeorlorat on is less than lg 
ftfy t/c separation-commandod by DCU wlion computed acc. is less than 0.0] g. 

(6) Expected time from preflight actual launch trajectory, dtd 9/12/75. 
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TABLE 8*21 - TC-4 FLIGHT SEQUENCE OF EVENTS (CONT.) 


SCO SWITCH 

EVENT 

SEOUENCE 

PLANNED 

TIME-SEC 

ACTUAL 

TIME-SCC 

tm «• 

vrjl (i"> 

SEP+10.5 

(6) 476.1 

484.3 

22 Set 

Igniters On 

SEP+10.5 

(6) 476.1 

484.3 

20 Set 

Open Start Valves 

SEP+10.5 

(6) 476.1 

484.3 

22 Reset 

Igniters Off 

MESI+4 

480.1 

488.3 

- - 

Start Guidance Steering 

MESI+7 

483.1- 

492.0 

17 Reset 

Cl Circ Pump Off 

MESI+12 

488.1 

496.3 

21 Reset 

C2 Circ Pump Off 

MESI+12 

488.1 

496.3 

1-4 Set 

Yaw Engines On 

(13)MECOI-20 

582.8 

591.5 

S,6 Set 
15,16 Set 

Pitch Engines On 

MECOI-20 

582 . 8 

591.5 

1-4 Reset 

Yaw Engines Off 

MECO1-10 

592.8 

601.3 

5,6 Reset 
15,16 

Pitch Engines Off 

MECOI-10 

592.8 

6QL.3 

- 

MECO 1 fill 

MECOI+0 

(6)602.8 

611.3 

23 Reset 

Primary Boost Pumps Off 

n 

it 

ft 

18 Reset 

B/U Boost Pumps Off 

IT 

n 

ft 

20 Reset 

Close Start Valves 

o 

tv 

If 

19 Reset 

Close Prestart Valves 

tt 

it 

If 

8 Set 

Settling Engines On 

MECOI+.l 

602.9 

611.4 

10 Set 

ft 

n 

it 

n 

12 Set 

»f 

it 

tv 

ft 

14 Set 

l» 

ti 

ft 

ft 

68,72 Reset 

Reset PU Switches 

MEC0I+1.0 

603.8 

612.2 

76,80 " 

H 

IT 

ft 

ft 

12,14 Reset 

Reduce to 2S Engines On 
S2B. SMB Off 

MECOI+250 

852.8 

(12) 

m — 

8,10 Reset 
12,14 Set 

Change S Engines Pairs 
S2A, SMA Off 
S2B, SMB On 

Halfway thru 
2S On Mode 

1135.7 

(12) 


(10) MES 1 - commanded by the DCU 10.5 **. conds after T/C separation. 

(11) MECO 1 - commanded by the DCU basea on guidance computed time. 
n.2) No telemetry recovered. 

(13) MECO 1-20-MECO time used here is the guidance predicted time at 
that particular instant. 

(6) Expected time from preflight actual launch time trajectory, dated 
9^2/75 


.jK-ayi 


y 

k 
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H 


f 


scu 

SWITCH 

TABLE 8-21 - TC-4 FLIGHT SEQUENCE OF EVENTS (CONT.) 

PLANNED 

EVENT SEQUENCE TIME-SEC 

ACTUAL 

TIME-SEC 

m 

m 

Increase to 4S Engines Cn MESII-120 

1403.0 

1410.2 

8,10 Set 

S2A, S4A On 




17 

Set 

Cl Circ Pump On 

MESII-60 

1463.0 

1470.1 

a 

Set 

C2 Circ Pump On 

MESIX-60 

1463.0 

1470.1 

27 

Set 

Open Control Valve 

MESII-38.06 

1484.S 

1492.1 

29 

Set 

Press L0 2 Tank 

MESII-38.06 

ft 

If 

32 

Set 

Press LH^ Tank 

MESII-38.06 

it 

» 

23 

Set 

Primary Boost Pumps On 

MESII-2E. 0 

1495. 0 

1502.1 

18 

Set 

B/U Boost Pumps On 

II 

ff 

ff 

27 

Reset 

Switched to B/U Pressur- 






ization 

(14) 

(14) 

1505.4 

19 

Set 

Open Prestart Valves 

MESII-17 

1506.0 

1513.1 

• 


End Pressurization 






Enabled 

MESH-0. 28 

1522,7 

1529.8 

_ 


MES 2 (IS) 

MESII+0 

(6)1523,0 

1530.1 

20 

Set 

Open Start Valves 

MESII+0 

(6)1523.0 

1530.1 

22 

Set 

Igniters On 

MESII+0 

(6)1523.0 

1530.1 

1-4 

Reset 

Yaw Engines Off 

MESn+.2 

1523.2 

1530.3 

5,6 

15,16 

Reset 

Pitch Engines Off 

MESH+.2 

1523.2 

1530.3 

22 

Reset 

Igniters Off 

MESII+4 

1527.0 

1534.1 

8 

Reset 

End MS Settled Thrust 

MESII+5 

1528.0 

1535.1 

10 

Reset 

If 

ff 

ff 

n 

12 

Reset 

If 

ft 

If 

« 

14 

Reset 

n 

n 

ft 

it 

- 


Start Guidance Steering 

MESII+7 

1530.0 

1537.1 

17 

Reset 

Cl Circ Pump Off 

MESII+12 

153S.0 

1S42.1 

21 

Rcret 

C2 Circ Pump Off 

MESII +12 

1535.0 

1542.1 


CM) Pressurization backup mode was commanded in place of primary mode. 
This was not expected. 

(15) MES 2 - Command by the DCU based on guidance computed time. 

(6) Expected' time from preflight actual launch time trajectory, dated 
9/L2/75 
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TABLE 8-21 - TC-4 FLIGHT SEQUENCE OF EVENTS (CONT.) 


\ 


PLANNED ACTUAL 

BCU SWITCH EVENT SEQUENCE TIME-SEC TINF.-SEC 


. . 

0-6} MECO 2 

MECOII+O 

(6) 1842.1 

1846.1 

23 Reset 

Frimary Boost Pumps Off 

W 

ft 

19 

19 Reset 

Close Prestart Valves 

n 

ff 

ft 

20 Reset 

Close Start Valves 

« 

ft 

ft 

IB Reset 

B/b Boost Pumps Off 

» 

ft 

If 

68,72 Reset 

Reset FU Switches 

MECOII+l.O 

1843.1 

1847.1 

» - 

Start T alike Pressuriza- 

MFCOII+IO. 0 

1852.1 

1856.1 

- 

trlon 

fine Pressui'ization 
finable 

MECOII+UO.O 

1952.1 

1956.1 

69,70 Set 

Viking s/C Separation 

MECOII+220.0 

2062.1 

2066.1 

8,10 Set 

S2A, S4B, S2B, S4B On 

MECOII+82S 

2667.1 

2671.1 

12,14 

8,10 Reset 

S2A, S4B, S2B, S4B Off 

KECOII+900 

2742.1 

2746.1 

12,14 

17,21 Set 

C1&C2 Circ kimps On 

MECOII+1050 

2892.1 

2896.1 

19 Set 

Open Prestart Valve 
(Blow Down) 

MECOII+1075 

2917.1 

2921.1 

17,21 Reset 

C1&C2 Circ Pumps Off 

MECOII+1325 

3167.1 

3171.1 

19 Reset 
• 

Close Pre-Start Valve 
(Blow Down) 

MECOII+1325 

3167.1 

3171.1 

8,10 Set 

S2A, S4A, S2B, S4B On 

MECOII+1330 

3172.1 

3176.1 

12,14 

24,28 Reset 

Unlock L0 3 Vent Valve 
Unlock IM* Vent Vlv 152 

S2A, S4A, S2B, S4B Off 

MECOII+1400 

3242.1 

3246.1 

31 

8,10 Reset 

MECOH+3330 

5172.1 

5176.1 

12,14 


(16) MECO 2 - Commanded by the DCU based on guidance computed time. 

(6) Expected time frcM pre flight actual launch time trajectory, dated 
9/12/75. 
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Propellant Ut i '■ izatlon/Propel lant Loading Systems 


by K. Semenchuk 


Propellant Utilization (PU) - At about 200 seconds Into the flight of TC-4, 
three transients occurred on each of the Liv quantity, LH 2 quantity and PU 
error signals, lasting approximately 12 seconds. These transients disap- 
peared and did not reappear during the remainder of the flight. Subsequent 
analysis and testing at San Diego (GDC) attributed the anomalous transients 
to a high resistance (1/2 to 1 megohm) in series with the PU L0 2 probe. A 
review of the associated hardware orovided no positive clues to the cause 
of the transient conditions; however, the likely source of the problem was 
considered to be the Servo Inverter Unit (SIU) 10. probe coaxial connector 
B305U2P/J3. 1 

The Propellant Utilization system operated satisfactorily during the remain 
der of the flight. PU valve angle measurements for Cl and C2 engines re- 
sponded properly. PU valves were properly locked in a null position until 
5 seconds after MES-1, when they were properly commanded to the fixed angle 
positions of 5,j degrees for Cl and 3.4 degrees for C2 engines. PU val\es 
are to remain in their fixed position for 110 seconds after MES-1, before 
they are brought into control. 

The LO2 level passed the probe top at MES-1 + 96 seconds, and the LH2 levc-l 
passed the probe top at MES-1 + 108 seconds. 

DCU enabled the valves to begin < >ntrolling at MES-1 +110 seconds. The 
valves then moved to the L0 2 rich stop and remained there until 27 seconds 
before MES-2. At MES-2 + 5 seconds, PU valves went into control again. 

The propellant residuals remaining at the Centaur Main Engine Cutoff were 
calculated by using the times when the propellant levels passed the bottom 
of the probes as reference points. 

Liquid propellant residuals are shown below: 

Actual Predicted 

L0 2 430 lbs. 443 lbs. 

LH 2 90 lbs. 104 lbs. 

The burning time remaining to depletion was calculated to be approximately 
7.5 seconds, at which time the liquid propeliant outage wes determined to 
be 6 pounds of LH 2> 


Propellant LoaJing Indicating Systems (PI IS) - Tentaur Level Indicating System 
operated satisfactorily during countdown. Propellants tanked at livtoff were 
25,^80 pounds of LOg and 5,287 pounds of Lt^. 
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Instrumentation and Telemetry Systems 


by J. M. Bulloch and T. J. Hill 


Instrumentation - For the TC-4 fl ight a total of 32** measurements were instru 
men ted, 288 PCM measurements and 23 twenty-four bit DCU v/ords via the PCM Sys 
tern and 13 FM/FM analog measurements. The following measurements exhibited 
data anomalies during the flight. 

1. CA8950 (SCU Normal + log's) from start of ascension AOS to end of flight 
(T + 3180 seconds) exhibited an approximate 12 percent peiik-to-peak frequency 
oscillation and +5 percent bias shift. The problem has been isolated to a 
servo loop instability due to the loss of atmospheric damping pressure at al- 
titude. AC-31, AC-3** and TC-2 exhibited similar anomalies. The problem has 
been corrected for AC-37 and on, TC-5 and on for the 27-01922 accelerometers 
by the addition of a damping capacitor. 

2. CT 70T (Thermocouple reference junction on LfU sump -330“F to 4:08°F) 
showed a gradual drift from liftoff (-273°F) to end of flight (-248°F at T + 
3180 seconds). CT 70T monitors the thermocouple reference junction and does 
not control it. It is not known at this time whether it is data. 

3. CPI18T (C-l engine fuel pump backup temperature -430°F to -57°FJ, CP119T 
(C-2 engine fuel pump backup temperature -430°F to -57°F) , CPI 22 1 * (;“-’ engine 
fuel pump temperature -425°F to -124°F), CP123T (C-2 engine fuel p'-v *mpsra 
ture -4?5°F to -124°F), CP124T (C-l engine LO 2 pump temperature -310°F to 
+104°F), and CP125T (C-2 engine IO 2 pump temperature -310°F to +104°F). All 
exhibited slow response during the flight. This condition may arise because 
of the Pratt and Whitney transducer installation. The slow response problem 
has occurred on previous fiights. 

Telemetry Systems - There were no RF problems in either the PCM or FM/FM sys- 
tems. All ground stations providing Centaur telemetry data and their cover- 
age intervals are shown on Figure 8-16. Guam is not shown since it provides 
spacecraft data only. 




FIGURE 8-16 - FLIGHT TIME - SECONDS 














Tracking and Range Safety Systems 


by T. J. Hill and J. H. Bulloch 


C-Band Tracking - The Centaur C-Band tracking system on TC-4 performed satis- 
factorily. The ground radar tracking intervals are shown Figure 8-17. No 
significant problems were encountered. Grand Bahama radar (3.13) lost track 
for 36 seconds due to X-polarization disturbance but reacquired with no prob- 
lem. 


Range Safety Command System - Operation of the Range Safety Command System 
was satisfactory. Signal strength (AGC) data indicated a satisfactorily re- 
ceived signal level throughout the flight. System control was maintained as 
the vehicle flew downrange by switching of RSC transmitter control stations. 
Switching times are presented in the following table. 


Stat ion 


Carrier On (Sec.) Carrier Off (Sec.) 


Cape Canaveral 
Grand Bahama Island 
Antigua 


-1961 +170 

+170 +1*58 

+458 +663 


The Antigua transmitter sent Range Safety Command RF Disable at T + 624 re- 
sulting in shutdown of the airborne RSC receivers. 


The following anomalies occurred with the Range Safety power supply located in 
MTP. n. 


1. At approximate! / T-300 minutes to T-100 minutes, CES181V (RSC Power Supply 
(¥1) was observed fluctuating between 30.75 VDC and 30.5 VDC. The RSC panel 
meter indications were reported normal. After T-100, the voltage was consistent. 
The power su'Hy was removed from MTR #2 and sent to the ETR Calibration Lab 
prior to TC-5 erection. No problem could be found — power supply voltage 
regulation was within parameters. The power supply was reinstalled in MTR #2 
and system exercised with no malfunction. 

2. CES221C (RSC Ground Power Current) had a series of ringing and noise bursts 
at T + 2i and T + 55 seconds. 

Post TC-4 launch inspection of the umbilical cables found that the umbilical 
connector pins were coated with a "green” and "white" chemical substance. 

A chemical analysis was conducted at San Diego with the results indicating 
that the substance contained large amounts of chlorine, gold oxidation, copper 
oxidation, traces of many chemicals commonly found in water. 
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FIGURE 8-17 - FLIGHT TIME - SECONDS 












Removal of the chemicals frcn the umbilical connector pins revealed that 
the pins had deteriorated. Cause of the problem is attributed to the fact 
that the umbilical connectors were subjected to water deluge and solid rocket 
exhaust. This condition would provide an electrical path (B600P1-3. 6 and 42 
to ground) thus resulting in noise bursts or oscillations on CE221C. The con- 
nectors will be replaced before the next launch. 
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IX CENTAUR STANDARD SHROUD (CSS) 
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IX CENTAUR STANDARD SHROUD (CSS) 


Liftoff/ln-f 1 ight Functions 


by T. L. Seeholzer 


CSS Disconnects and Door Closures - The CSS disconnects and door closures, 
located as shown in Figure 9~1 , Functioned normally on the TC-4 flight. 

The CSS disconnects and door closures were equivalent to the systems used 
on the TC-2 flight with the exception of the encapsulation seal and RTG 
doors which were Viking peculiar and incorporated on the TC-1 flight. 

Movie and television coverage verified proper disconnect of the umbilicals 
and the closing of the T-0 and T-4 CSS doors on the primary latches. 

Micro-switches mounted on the T-4 aft door verified that the d-~o r closed 
on the primary latches following umbilical disconnect. 

CSS In-flight Events and Jettison - All CSS in-flight events and jettison 
were normal on the TC-4 flight. these events included forward bearing re- 
action separation, forward seal release, shroud separation and jettison, as 
shown in Figures 9~2 through 9-6. These systems were equivalent to those 
on the 'iC-1 and TC-2 flights. 


Discussion 

All six forward bearing reaction struts were separated at T + 100.07 sec- 
onds as verified by hreakwires on the explosive bolts. Nominal separation 
time was T + 100 seconds. 

Forward seal release occurred at T + 209-9 seconds as verified by break- 
wires on the explosive bolts. Nominal separation time was T + 210 seconds. 

The CSS Super*Zip primary system separated the shroud at T + 270.27 seconds 
Separation by the primary system was verified by che fact that the CSS ro- 
tated over 3 degrees prior to secondary system command. The secondary sys- 
tem is deactivated by electrical disconnect after 1 degree rotation.. 

Shrouc rotation times comparing TC-1, TC-2, TC-3 and TC-4 are given in 
Table 9-1. 
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FrOURE 9-1 - CENTAUR STANDARD SHROUD DISCONNECTS AND DOOR CLOSURES 
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FIGURE 9-6 - JETTISON SEQUENCE AND SPRING LOCATION 




CSS BREAKWIRE SUMMARY 





CSS Ascent Vent System 


1 


by W. K. Tabata 


Summary 

The CSS Ascent Vent System performed satisfactorily in-flight. The reduction 
in spacecraft compartment maximum dp/Jt durirg transonic, expected by block- 
ing two of the 11 vents was -ealized. 


Discussion 

Spacecraft Compartment - Tine-pressure history of the spacecraft compartmen* 
is shown in Figure 9"7. The data agree well with TC-1 and TC-2. Blocking 
two of the 11 vents effected the compartment internal absolute pressure only 
insignificantly as predicted by preflight ana'ysis. The maximum dp/dt during 
transonic was -0.67 psi/sec (Figure 9 - 8) . The spacecraft bioshield experienced 
a maximum AP of 0.34 ps i as predicted !n the normal spacecraft venting case. 

Titan 2A Compartment - Venting of the Titan 2A compartment was normal. Pres- 
sure-time history of the 2A compartment is shown in Figure 9 _ 9 compared to 
TC-1 and TC-2. 
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TITAN/CENTAUR GROUND SYSTEMS 


l 


by H. E. Timmons and A. C. Hahn 


August li, 1 975, Launch Attempt - During the countdown for the first launch 
attempt on August 11, 19/5, there were several minor instrumentation problems. 

Between T-625 minutes and T-500 minutes, three landli^e measurements became 
noisy. Measurements CLS 452P and CFS 565R, both GDC measurements, required 
changing the calibrate relay in the Titan landline signal conditioner. Meas- 
urement 8703, which is the TVC tank pressure on SRM No. 2, required replace- 
ment of an amplifier card in the land line signal conditioner. 

At T-350 minutes, measurement 8703 became inoperative. Troubleshooting could 
not immediately solve the problem. After the launch was scrubbed, it was de- 
termined that the measurement did not have the proper ground reference and was 
floating higher above ground than the PCM encoder could accept. The input to 
the signal conditioner from the transducer was connected to ground through a 
1 megohm resistor, which cleared the problem. The associated SRM No. 1 meas- 
urement was likewise modified. 

This launch was scrubbed at T— 115 minutes when one of the TVC valves on SRM 
No. 2 did not respond to the VECOS flight controls test properly as noted 
elsewhere in this report. 

August 20, 1975, Launch - The second countdown for the launch of TC-4 began at 
5:^7 a.m. on August 20, 1975, at T-6<5 minutes. During the entire countdown, 
the ground system functioned normally with the following reported anomalies: 

One of two air-conditioning compressors on the MTR became noisy and was shut 
down. The compressor will be replaced/repaired prior to need date for TC-5. 

The payload evaporator discharge temperature cycled after switch to GN. . The 
cycling was between 32°F and less than 30°F and the maximum allowable of 40°F 
was not exceeded. The back pressure regulator was replaced after launch. 

At liftoff, the 500 kw generator supplying the backup payload a i r -cond i t ioner 
shut down. The susoected reason was lack of oxygen at the diesel air intake. 
When shutdown occurred, an automatic transfer switch operated to connect the 
air-conditioner to commercial power per design. The inrush current from the 
transfer action caused the motor control center circuit breakers which pro- 
tect the blower and compressor of the unit to trip. The breaker protecting 
the GN, heater motor also tripped at tnis time. Post-launch, it was determined 
that the instantaneous trip setting of these breakers was set relatively close 
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to the expected inrush current value. In anticipation of the launch of TC-3, 
the trip settings were increased by 25 to 30 percent by an adjustment on the 
breakers. 

Several minor problems occurred after launch associated with the water deluge 
system. The Launch Control Console (LCC) operator failed to turn on the space- 
craft area deluge water at T + A.O seconds per procedure. He later turned it 
on at T + 12 minutes for a short time to prove the system was operable. No ill 
effects were seen as a result of this oversight. 

At T + 10 minutes, the LCC operator attempted unsuccessfully to turn off the 
water flow from the 4 nozzles at the base of the umbilical tower which spray 
the base of the transporter. After several attempts had fa'led, the safing 
crew was directed to manually shut the system off with a hand valve. The 
problem was isolated to an open solenoid valve in the system which was replaced 
and checked out during the post-launch water system tests. 

Two other water deluge circuits failed to give the proper "on" indication on 
the LCC. This was the result of faulty limit switch contacts on the water 
valves. This problem was also corrected post-launch. The water flow was in- 
itiated properly in these two cases as it was verified by television. 

A bend was discovered in the emergency helium line near the storage area after 
launch. The line was pressure tested at 125 percent of operating pressure and 
put back into service. Subsequent to the TC-3 launch, this section of piping 
was replaced and retested. 

The oost-launch data review produced 10 anomaly reports in the ground systems 
area : 

Report GSE001 concerned a shift in current shunt trace CES33C, GSE/MTR tus 
current. This occurred during the plus count end is attributed to premature 
removal of the guard voltage. 

Report GSE002 noted a series of noise bursts in current shunt trace CES221C, 

RSC Power Suoply current. This also occurred post-launch at approximately 
T + 21 seconds. Subsequent investigation revealed corrosion buildup on some 
umbilical pins which, combined with the water deluge a f ter liftoff, could 
have caused this anomaly. 

Report GSE003 concerned the umbilical pull sequence on the Titan. Umbilical 
2A1E came out first instead of fourth as had been predicted. All other umbil- 
icals pulled properly. The lanyard system was investigated thoroughly and no 
out-of-tolerance \ igging could be found. Investigation of launch films also 
shows nothir.y to explain the sequence. Since no adverse effects were experi- 
enced from this sequence, no changes are anticipated in the umbilical system. 


Report GSE004 covered a problem which occurred during the boost pump spin 
test at T-bS minutes. After the initial spin startup, the nozzle box pres- 
sure increased 9 psi as measured by the airborne transducers. The transducers 
in the ground system did not show a corresponding increase. It was concluded 
that the shutoff valve in the system did not init ! ally open completely. The 
valve was replaced and retested post-launch. 

Report GSE005 was written with respect to the tripping of circuit breakers 
on the backup payload air-conditioner at liftoff. The breaker trip settings 
were increased as previously noted. 

Report GSE006 covered a problem which occurred during spacecraft de-erection 
after the first launch attempt. During the demate activity, the chilled water 
disconnect on the pressure side was accidentally disengaged. Reconnection was 
accomplished in 5 1/2 minutes. The resultant rate and total temperature rise 
within the spacecraft was considered acceptable. To prevent a recurrence of 
this probiem, a retaining collar was designed, fabricated and installed prior 
to the erection of the second Viking spacecraft. 

Reports GSE007 and GSE008 were written to cover an anomaly in the data at lift- 
off. DRS channels 78, "Titan Tracking and Flight Safety Power Switch Internal," 
and channel 93i "CCLS Ready," both pulsed off for 3 milliseconds and back on. 
These pulses do not cause any undesirable effects on the system. A review of 
data from past launches indicates this occurs regularly and affects random 
channels. 

Report GSE009 dealt with loss of data at the VIB ground station from approxi- 
mately T + 2 minutes to T + k minutes. This was a problem with transmission 
of data from the Central Instrumentation Fcci’ity to the VIB. The data was 
available at other sites for evaluation. 

Report GSE010 concerns a discrepancy between the analog pressure data and the 
Data Recording Set (DRS) data relative to the disconnect time of the Centaur 
LH 2 fill and drain vaNe. The analog data indicated a disconnect time of 
approximately 5^0 milliseconds, DRS data showed loss of the closed indication 
occurred 798 milliseconds after the command to disconnect was sent. The analog 
data corresponds favorably with both TC-1 and TC-2 data. The controller for 
the transducer was suspected. !t was removed for failure analysis after TC-3 
and replaced with another unit for TC-5 operations. 


During the launch sequence the electrical umbilical and mechanical umbilical 
disconnect times were as shown in Table 10-1 and Table 10-2 respectively. 
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TABLE 10-1 - TC-4 ELECTRICAL 

CMG T-0 (DRS channel 295 off) - 2122:00.116 
Ignite SRM command (DRS 739) ~ 2122:00.137 

SRM ignition relay closed (DRS 496) ~ 2122:00. 


Titan limb? 1 icals 
2A1E 
LB1E 
RBI E 
1C1E 
2A2E 
2C1E 

Centaur Umbil icals 
B600P3 
B600P2 
B600P1 
B600P4 
B600P5 


Time Pi sconr.e cted 
2122:00.50? 
2122:00.509 
2122:00.527 
2122:00.563 
2122 : 00.602 
2122:00.635 

2121:56.975 
2121 :57. 230 
2121:57.503 
2122 : 00.758 
2122 : 00.878 
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UMBILICAL DATA 


155 (official T-0) 

Time from Official T-0 
T + 0.348 
T + 0.35 1 * 

T + 0.372 
T + 0.408 
T + 0.447 
T + 0.480 

T - 3-180 
T - 2.925 
T - 2.652 
T + 0.603 
T + 0.723 




TABLE 10-2 - TC-4 MECHANICAL UMBILICAL DATA 
Centaur 

Event 

Aft Plate Eject Command 
Aft Door Closed 
Aft Plate Ejected 

LH 2 Fill 6 Drain Valve Eject Command 
LO 2 Fill 6 Drain Valve Eject Command 
LO 2 Fill & Drain Valve Disconnected 
LH 2 Fill £ Drain Valve Disconnected 

Air-Conditioning Duct Disconnect 
Command 


*Disconnect time for LH 2 fill and drain valve established from analog data 
on retract cylinder. Signal from valve controller to DRS indicated a total 
disconnect time of 0.798 seconds. Post-launch analysis proved DRS time 
anomaly was caused by a faulty controller. 


Time Time from CMG T-0 

2121:56.156 T - 3.960 

2121 : 58 . k2k T - 1 .692 

2121 :58.A27 T - 1 .689 

2121 : 59.657 T - 0.1*59 

2121:59.660 T - 0.456 

2122:00.026 T - 0.090 

2122:00.20 T + 0.08* 

2122:00.137 T + 0.02J 
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